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ABSTRACT  
Critically ill patients often require assistance by means of intubation and mechanical 
ventilation to support their spontaneous breathing if they are unable to maintain it. 
Mechanical ventilation is one of the most commonly used treatment modalities in the 
care of the critically ill patient and up to 90% of patients world-wide require 
mechanical ventilation during some or most parts of their stay in critical care units  
 
Management of a patient’s airway is a critical part of patient care both in and out of 
hospital. Although there are many methods used in verifying the correct placement of 
the endotracheal tube, the need and ability to verify placement of an endotracheal 
tube correctly is of utmost importance, because many complications can occur 
should the tube be incorrectly placed. Since unrecognized oesophageal intubation 
can have many disastrous effects on patients, various methods for verifying correct 
endotracheal tube placement have been developed and considered. Some of these 
methods include direct visualization, end-tidal carbon dioxide measurement and 
oesophageal detector devices.  
 
This research study aimed to explore and describe the existing literature on the 
verification of endotracheal tubes in the mechanically ventilated patient in the critical- 
care unit. A systematic review was done in order to operationalize the primary 
objective. Furthermore, based on the literature collected from the systematic review, 
recommendations for the verification of the endotracheal tube in the mechanically 
ventilated patient in the critical care unit were made. 
 
Ethical considerations were maintained throughout the study and the quality of the 
systematic review was ensured by performing a critical appraisal of the evidence 
found. 
 
Keywords 
Evidence-based practice, professional nurse, critical care unit, mechanical 
ventilation, endotracheal tube, verification.  
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CHAPTER ONE: OVERVIEW OF THE STUDY 
 
The aim of this chapter is to orientate the reader to the study in terms of the 
background and complications related to verification of endotracheal tube placement 
in the mechanically ventilated patient in the critical care unit.  An overview regarding 
the research questions, objectives, research design and method will also be given.  
1.1 INTRODUCTION 
Mechanical ventilation is a lifesaving treatment modality which has most commonly 
been used in critical care units. In studies done in critical care units in North America, 
South America, Spain and Portugal, it was found that 75% of patients admitted to 
these units required intubation and mechanical ventilation (Estaban, Anzueto, Alia, 
Gordo, Apezteguia, Palizas, Cide, Goldwaser, Soto, Bugedo, Rodrigo, Pimental, 
Raimondi and Tobin, 2000:1452). However, patients who require mechanical 
ventilation, especially for longer than three days, are at risk of developing many 
iatrogenic complications, prolonged and costly hospital stays, ventilator dependence 
and even death (Carlson, 2009:469). According to Fenstermacher and Hong 
(2004:258), mechanical ventilation is a procedure that is associated with a higher 
than 30% in-hospital mortality rate. It is thus of the utmost importance that patient 
safety be ensured in caring for the mechanically ventilated patient in the critical care 
unit.  
 
Mechanical ventilation has been described as the process by which oxygen is moved 
in and out of the lungs by means of a mechanical ventilator. It is a means of 
supporting critically ill patients until they recover their ability to breathe 
independently. Mechanical ventilation can also serve as a link to long-term 
respiratory care and support or until a decision is made to withdraw ventilatory 
support. Indications for mechanical ventilation include apnoea, impeding of breathing 
ability, acute respiratory failure, severe hypoxia, muscle paralysis and respiratory 
distress (Lewis, Dirksen, Heitkemper, Bucher and Camera, 2011:1703).  
In order to ventilate the critically ill patient mechanically, an artificial airway, namely, 
an endotracheal tube, which has to be inserted into the patient’s trachea, will be 
needed. The endotracheal tube will then be placed directly into the trachea through 
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the mouth or nose past the vocal cords and guided 2 to 4 cm above the carina. The 
endotracheal tube will lie below the vocal cords and be inflated once it is in place 
(Elliot, Aitken and Chaboyer, 2007:207). Endotracheal tube intubation has been 
classified as a highly technical clinical skill. However, it is also a skill that is 
accompanied by the danger of complications which can occur during the intubation 
procedure, while the endotracheal tube is in place or after the endotracheal tube has 
been removed. Incorrect placement of the endotracheal tube may lead to inadequate 
ventilation and oesophageal intubation, which can lead to death or permanent brain 
damage. Therefore it was found that professional nurses needed to be 
knowledgeable and skilled when ensuring correct endotracheal tube placement and 
verification of the endotracheal tube in patients in the critical care unit who, needs to 
be mechanically ventilated. 
 
Incorrect endotracheal tube placement has been found to have catastrophic effects 
and therefore different methods for verifying correct endotracheal tube placement 
have been explored. Some of these methods include visualization of the chest, 
auscultation and the presence of mist in the endotracheal tube. None of these 
methods have however proved 100% effective and therefore more sensitive methods 
have been discovered, namely, end tidal carbon dioxide detection and oesophageal 
detector devices (Angelotti, Weiss, Lemmens and Brock-Utne, 2006:74). 
 
There are various methods used when verifying correct endotracheal tube 
placement, but the two main aims is to place the endotracheal tube in the trachea 
and to make sure that the tube is at the correct depth in the trachea. Direct 
laryngoscopy and visualization, is a method used to verify the tube placement in 
which you see the tube passing through the vocal cords and this method is still seen 
as a fool-proof method for the confirmation of the endotracheal tube. In non-cardiac 
arrest patients end-tidal CO2 monitoring has been found to be an effective 
verification method and in the critical care environment the X-ray can help one to 
determine easily if the tube is in the correct position (Salem, 2001:813). 
Endotracheal tube placement is verified by chest radiograph following the initial 
intubation and the position is documented in centimeters at the lips or nostrils of the 
patient. The position of the endotracheal tube should be verified on every nursing 
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shift to identify any possible position changes. The position of the endotracheal tube 
is checked, following re-taping of the endotracheal tube and by then comparing the 
last recording documented with the current finding (Morton and Fontaine, 2009:605).  
 
Owing to the complications related to incorrect endotracheal tube placement, it has 
been found that the ability of professional nurses to verify endotracheal tube 
placement correctly and promptly using the best recommended practices will be of 
utmost importance in caring for the critically ill patient. 
 
Previously verification methods were not as advanced as what we have today in 
practice and in years gone by medical and nursing practices were based on non-
scientific traditions that led to various and sometimes most unfavorable patient 
outcomes. These practices were habitual and ritualistic in nature as these traditions 
were based mostly on the experience of past generations, gut feelings and even trial 
and error. However the dynamic and ever-changing health environment has led to 
greater emphasis being placed on the effectiveness of treatments and on improved 
patient outcomes. It has therefore become crucial for nurses to use the best 
information available to make clinical decisions and to carry out suitable nursing 
interventions. By the use of credible research nurses will be able to provide 
consistent care with positive, cost-effective patient outcomes based on the best 
available evidence and research (Urden, Stacy and Lough, 2006:5).  
 
Evidence-based practice will imply the use of the best available research information 
from well-designed studies combined with empirical knowledge and patient 
preferences in clinical practice in order to guide clinical decision-making. The 
practice of Nursing Science will be ever changing due to the many advances made 
daily in the field of nursing research. Therefore evidenced-based practice will form 
an essential part in helping to optimize the outcomes of patient care and the use of 
research findings in clinical practice will be paramount. Practice based on instinct or 
information that is not scientifically rooted will not be in the best interests of patients 
or their families and should therefore not be used in daily practice (Morton & 
Fontaine, 2009:5). 
3 
Overview of the study  Chapter One  
 
 
Sigma Theta Tau International, Honour Society of Nursing, defines evidence-based 
practice as an integration of the best evidence available, nursing expertise, and the 
values and preferences of the individuals, families and communities who are served. 
The value of evidence-based practice will be in the ability not only to decrease the 
conversion time required for execution of research findings into nursing practice but 
also to help estimate the edges that lie between ritualistic practice, habitual 
approaches and personal preference (Alspach, 2006:11).  
 
Much, however still needs to be done to provide critical care nurses with a complete, 
ongoing and readily available range of information needed to provide the best 
possible care to the patients entrusted to them. Nursing staff will be able to assist 
this process by giving lectures related to the evidence-based practice process and 
using resources that are focused on evidence-based practice (Alspach, 2006:12). 
There are different methods to help implement and transfer evidence into clinical 
practice, some of which will include protocols, clinical pathways, algorithms and 
clinical practice guidelines (Morton & Fontane, 2009:5). It has been stated by 
Thompson and Dowding (2002:149) that the practical application of rigorously 
reviewed evidence will be promoted through the development and dissemination of 
clinical guidelines. 
 
Clinical guidelines have been defined as sources of summarized information on 
particular practices linked to patient care that aim to guide healthcare professionals 
in their clinical decision-making. Clinical guidelines, which are usually based on the 
best existing evidence, will be developed to help the practice of healthcare 
practitioners. Clinical guidelines will be proposed to provide healthcare personnel 
with information based on a systemic appraisal of the best current evidence to 
address specific aspects of patient care optimally (Pearson, Field & Jordan, 
2007:103). The need to set goals for developing clinical practice guidelines has been 
recognized by many developers of clinical practice guidelines as a result of rapid 
developments in the field of medical technology (Reveiz, Tellez, Castillo, Mosquera, 
Torres, Cuervo, Cardona & Pardo, and 2010:7).  
 
4 
Overview of the study  Chapter One  
 
 
Seeing that the field of medicine and critical care nursing will be changing at such a 
rapid rate, there will now be an evolving evidence literaturebase in the form of clinical 
guidelines available for specific critical interventions. These guidelines will include 
the ventilator-associated pneumonia guideline and care bundle, the sepsis 
Campaign guideline, the eye- care clinical algorithm and the oral and suctioning 
guidelines (Urden et al, 2006:75). There are also guidelines available related to 
endotracheal tubes like for example the endotracheal cuff pressure and ventilator 
weaning protocols. Due to the complications of incorrect endotracheal tube 
placement like brain damage, death, right main stem bronchus intubation and 
oesophageal intubation, the need to have an evidence-based practice guideline for 
the verification of endotracheal tube placement is of utmost importance. Owing to the 
fact that the complications related to incorrect placement of the endotracheal tube 
are fatal, the need to promote safety in the intubated mechanically ventilated patient 
is paramount. Patient safety will be improved and the dreaded amounts of 
complications decreased, by the development and implementation of an evidenced-
based practice guideline relating to the verification of endotracheal tubes in the 
mechanically ventilated patients. 
  
However, it appears that there is a paucity of literature and clinical practice 
guidelines available on the verification of endotracheal tubes. Therefore the study 
will aim to explore and describe the existing literature addressing endotracheal tube 
verification which can be used as a foundation or basis for guideline development.  
1.2 PROBLEM STATEMENT 
At the institution where the research study will be conducted, it was noted that during 
a six-month period, from January 2012 to July 2012, approximately 40-50% of 
patients admitted to the critical care unit required intubation and mechanical 
ventilation (Institutional Statistics, 2012). 
 
After the insertion of an artificial airway, namely, the endotracheal tube, is done by 
the physician, anaesthetist or nurse practitioner, it will have to be verified that it is in 
the correct position. Incorrect endotracheal tube placement will place the 
mechanically ventilated patient at significant risk for various complications, which 
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include absent or ineffective ventilation, aspiration and injury to the airway resulting 
from oesophageal intubation or from tube placement that is too high or too low in the 
trachea. Frequently used strategies to verify endotracheal tube placement include 
lung inspection and auscultation, end-tidal carbon dioxide monitoring and 
radiological examination (Pierce, 2007:71). The researcher has observed in clinical 
practice in the critical care units in the Nelson Mandela Metropole that endotracheal 
tube placements in mechanically ventilated patients are often not correctly verified 
according to the methods stated above, or verification of the tube, if done, is not 
reflected in the records of the critically ill patient.  
 
Secondly, an observation was made that despite the various methods available for 
endotracheal tube placement various practice differences existed amongst 
healthcare practitioners in their choice for endotracheal tube verification. 
Endotracheal tube placements are often not verified according to the best 
recommended frequency intervals, methods or monitoring principles. It was also 
noted that professional nurses still used chest x-rays to verify endotracheal tube 
placements, which, according to literature, does not appear to be the best 
recommended method. A study done by Jordan and van Rooyen, (2011) in eight 
critical care units in the private and public healthcare sector in the Nelson Mandela 
Metropole revealed that 36% of professional nurses used chest x-rays to verify 
endotracheal tube placement. Furthermore, it was noted that professional nurses 
were not aware of non-invasive, cost-effective methods, for instance, capnography in 
verifying endotracheal tube placement in the mechanically ventilated patient.  In this 
study informal conversations were held with professional nurses that revealed a lack 
of knowledge of the various methods related to endotracheal tube verification. 
According to Jordan and van Rooyen, (2011) none of the 134 participants in their 
study indicated the use of capnography to verify endotracheal tube placement. 
However, practices that were not supported by best available evidence, for instance, 
the palpation of the endotracheal tube cuff on each side of the trachea (1%), the use 
of pulse oximetry (3%), direct laryngoscopy (3%), inspection of the chest (6%) and 
the use of auscultation of breath sounds (55%) were indicated as methods to verify 
endotracheal tube placement in the mechanically ventilated patient in the critical care 
units. The particular study’s findings also indicated that only 15% of the professional 
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nurses in critical care units of the private healthcare sector were using the most 
recent literature on which to base their clinical decision when verifying endotracheal 
tube placement. A large proportion (86%) of the professional nurses in the study 
indicated the need to have in-service education on verification of the endotracheal 
tube placement.  
 
Based on results of the above study, personal observations, informal discussions 
held with various stakeholders and the paucity of clinical guidelines related to 
endotracheal tube verification; it was decided to undertake the study. 
1.3 RESEARCH QUESTIONS 
The research questions posed will be as follows: 
• What is the current best evidence available that should inform endotracheal 
tube verification in the mechanically ventilated patient in the critical care unit? 
• What recommendations can be made to assist professional nurses in verifying 
endotracheal tube placement in the mechanically ventilated patient in the 
critical care unit? 
1.4 RESEARCH OBJECTIVES 
The objectives of the study are: 
• To explore and describe existing literature related to endotracheal tube 
verification in the mechanically ventilated patient in a critical care unit and 
• To make recommendations to assist professional nurses in verifying 
endotracheal tube placement in the mechanically ventilated patient in the 
critical care unit. 
1.5 PURPOSE OF THE STUDY 
The overall purpose of the research study is to explore and describe existing 
literature related to the verification of endotracheal tube placement in the 
mechanically ventilated patient in the critical care unit, which can be used as 
recommendations to inform best nursing care practice. 
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1.6 CONCEPT CLARIFICATION 
The following concepts are clarified to understand how they are applied in the 
research study: 
1.6.1 Professional nurse 
A professional nurse is someone who is competent and proficient to practice 
comprehensive nursing freely in the way and to the level prescribed, and who is 
capable of assuming responsibility and accountability for such practice (South 
African Nursing Council, Nursing Act, 2005, Act No 33 of 2005:25). In this research 
study all professional nurses who work in critical care units, those who have a basic 
qualification in nursing and those who hold a post-graduate qualification in critical 
care nursing will be considered. Furthermore, it will include the professional nurses 
employed permanently as well as those who are employed by a nursing agency.   
1.6.2 Evidence 
The term “evidence” refers to the literature or information used to make a decision on 
whether or not a statement or observation should be trusted (Pearson, et al. 
2007:50). According to LoBiondo-Wood & Haber (2010:16) there are various levels 
of evidence that can be used in clinical decision-making and practice 
recommendations. In this research study evidence will be drawn from different 
sources, for instance, systematic reviews, clinical practice guidelines, randomized 
control trials, descriptive surveys, literature review papers, observational studies, 
prospective studies, congress reports, clinical experience and expert opinions.  
1.6.3 Evidence-based practice 
Evidence-based practice has been defined as the meticulous use of current best 
evidence in making clinical decisions about patient care (Polit & Beck, 2008:28). It 
will also be of importance to note that the terms “evidence-based practice” and 
“evidence-based medicine” are sometimes used interchangeably; but may not 
always be used within the correct context for nursing. The concept has been clarified 
to understand the origin of evidence-based practice; but the focus of this study will 
be on evidence-based nursing, not evidence-based medicine or practice. 
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1.6.4 Critical care unit 
According to the Blackwell’s Dictionary of Nursing, (2003) a critical care unit is a 
specialized unit within a hospital where patients with serious illnesses or critical 
conditions of the vital organs are given the care that is needed to sustain life. In this 
research study a critical care unit will consists of critically ill adult patients who have 
been admitted to the specialized unit with any condition that requires endotracheal 
tube placement like for example patients with multi-system disease conditions and 
patients who have undergone major traumatic surgeries. 
1.6.5 Endotracheal tube 
An endotracheal tube is the most commonly used type of artificial airway for 
providing short-term airway management. It can be used to maintain a patent airway, 
protect the airway, enable mechanical ventilation and for pulmonary hygiene (Urden, 
et al, 2006:660). In this research study the specific focus will be on the endotracheal 
tube verification. 
1.6.6 Evidence-based clinical guidelines 
Clinical guidelines are sources of information that have been summarized of specific 
practices related to patient care that aim to guide healthcare professionals in the 
care they deliver. Guidelines are also based on the best accessible evidence and are 
developed to aid any medical personnel in practice (Pearson, et al, 2007:103). In this 
study, literature will be explored and described to aid in the development of an 
evidence-based practice guideline; however for the scope of this study a guideline 
will not be formulated. Recommendations for nursing practice will however be made. 
1.6.7 Mechanical ventilation 
Mechanical ventilation refers to the use of an artificial device to assist a patient to 
breathe. A mechanical ventilator is the device or machine that has been specifically 
designed to provide the patient with ventilatory support (Urden et al, 2006:678). In 
this research study mechanical ventilation will refer to the use of an endotracheal 
tube inserted into the trachea of a critically ill patient and connected to a mechanical 
ventilator. 
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1.7 RESEARCH DESIGN 
The research design is the overall plan for obtaining answers to the questions being 
studied and for dealing with some of the snags faced during the research process. 
Sometimes the nature of the question decides the type of design to be used (Polit & 
Beck, 2008:66). A research design has also been defined as a general plan of how 
one will go about running and organizing one’s research study (Walsh, 2001:38).The 
research study will consist of performing a systematic review and the formulation of 
the recommendations to inform best nursing practice. The research design will be 
comprehensively discussed in Chapter Two of the study. 
1.8 RESEARCH METHOD 
The research method refers to the steps, procedures and strategies that will be used 
for collecting and analysing the literature of the study (Polit & Beck, 2008:758). The 
research method to be used in this research study will include the systematic review 
protocol, searching for the relevant evidence, data appraisal, extraction, synthesis 
and presentation and will be comprehensively discussed in Chapter Two of the 
study. 
1.9 THE FORMULATION OF THE RECOMMENDATIONS 
The recommendations for the research study are to be made from the literature 
gathered during the systematic review and these recommendations will be made 
based on the grades of recommendation that will be discussed in detail in Chapter 
Two. Chapter Four will divided into two sections, the one section will describe the 
recommendations made from the systematic review and the other section will 
discuss the recommendations for practice, education and research.  
1.10 ASSESSMENT OF QUALITY OF STUDIES TO BE INCLUDED IN THE 
SYSTEMATIC REVIEW 
It is recommended that the studies to be included in the systematic review be 
assessed for methodological rigour, which can be achieved by performing a critical 
appraisal. The major aim of the critical appraisal of any type of evidence is to identify 
the validity of the evidence, in other words, to see how trustworthy and believable the 
10 
Overview of the study  Chapter One  
 
 
evidence collected is. The validity of evidence relates to the power it has to convince 
us that it is sound and supportable (Pearson, et al, 2007:74). 
 
In order to apply the critical appraisal to the evidence found, various critical-appraisal 
tools can be used. For the purpose of this study, the electronic critical-appraisal tools 
available on the Joanna Briggs Institute for Nursing and Midwifery website will be 
used. If any clinical practice guidelines are found, they will be appraised by using the 
AGREE II tool. The AGREE II tool focuses on the following: the scope and purpose 
of the guideline; stakeholder involvement; rigour of development; clarity and 
presentation and applicability and editorial independence (Pearson, et al, 2007:113). 
The process of ensuring methodological rigour will be comprehensively discussed in 
Chapter Two.  
1.11 ETHICAL CONSIDERATIONS 
Although the type of research being conducted by the researcher is a systematic 
review and the customary methods of literature collection and analysis will not be 
used, certain ethical principles will still need to be adhered to because research 
projects are bound to raise ethical questions. The ethical principles namely ethical 
review and permission to conduct the research will be comprehensively discussed in 
Chapter Two. 
1.12 DISSEMINATION OF RESEARCH FINDINGS 
Dissemination of literature has traditionally involved presenting findings at 
professional meetings and describing the findings in professional journals. These 
contributions for literature dissemination are vital to the development of Science in 
Nursing (Burns and Grove, 2009:338). The findings of this study will be published in 
a peer-reviewed journal and the information may also be disseminated at various 
conferences. If required, a copy of the research findings will be disseminated to the 
unit managers of the critical care units. 
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1.13 DELINEATION OF STUDY 
The research study will be divided into the following chapters. 
 
Chapter One: Overview of the study 
In this chapter of the research study the problem statement, research objectives, 
research design, method, quality of literature control and ethical principles will be 
given.  
 
Chapter Two: Research design and method 
The reader will be orientated to the research design and method as applied to the 
research study. 
 
Chapter Three: Systematic review report 
Literature that has been collected, appraised, extracted and synthesized will be 
presented in this chapter. 
 
Chapter Four: Recommendations, conclusions and limitations 
Recommendations related to the literature findings as well as nursing practice, 
education and research will be highlighted in this chapter as well as the conclusions 
and limitations identified throughout the study. 
1.14 SUMMARY OF THE CHAPTER 
It is essential that the methods for verification of endotracheal tube placement be put 
into practice as incorrect placement can have detrimental effects on the patients in 
the critical care unit. The research study will intend to create, produce and transfer 
evidence into practice which will be transferred by means of recommendations which 
can be used to inform best practice nursing care. The study will thus aim to develop 
recommendations that can assist nurses in their daily practice that will enhance the 
care rendered to the intubated and mechanically ventilated patient. The developing 
of the recommendations will hopefully lead to a decrease in the complications related 
to the incorrect verification of the endotracheal tube in the mechanically ventilated 
patient.  
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CHAPTER TWO: RESEARCH DESIGN AND METHOD 
In Chapter One, a synopsis of the study was presented. This chapter will provide the 
reader with a detailed discussion of the research design, method and quality 
measurement of the study. The ethical considerations applicable to the study will 
also be discussed.  
2.1 INTRODUCTION 
Successful research depends on the identification of a research problem, developing 
a definite plan and the utilization of research methods suited to the specific research 
topic. The purpose of this chapter is to provide a broad description of the research 
design and method used to reach the objectives of the study which are the following:  
• To explore and describe existing literature related to endotracheal tube 
verification in the mechanically ventilated patient in a critical care unit and; 
• To make recommendations to assist professional nurses in verifying 
endotracheal tube placement in the mechanically ventilated patient in the 
critical care unit. 
2.2 RESEARCH DESIGN 
The key purpose of a research design is to plan and describe how to find answers to 
research questions and how to put a research plan into action (Walsh, 2001:57). A 
systematic review will be performed in this study. A systematic review is a type of 
research methodology that involves a systematic review of existing literature 
(Aveyard, 2010:19). The production of a systematic review is a research project and 
the main steps in the process are to formulate a research question, search for 
evidence, select the studies, extract the literature, appraise the literature extracted, 
analyse and present the literature and finally interpret the findings (Wieseler & 
McGauran, 2010: 1240).  
2.2.1 Systematic review  
A systematic review was done in order to explore and describe existing literature 
related to endotracheal tube verification in the mechanically ventilated patient in the 
critical care unit. 
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A systematic review is defined as a review of the evidence on an obviously 
expressed question that uses systematic and unambiguous methods to detect, 
select and critically appraise appropriate primary research, and to extract and 
analyse literature from studies that are included in the review (Moule & Goodman, 
2009:249). 
 
It has also been said that a systematic review is an organized, broad synthesis of 
qualitative and outcomes studies in a specific healthcare area to determine the best 
research evidence accessible for professional clinicians to use to endorse an 
evidence-based practice. Systematic reviews are performed to synthesize research 
evidence from many different or superior studies with similar methodologies. These 
types of reviews are often done by a team of experts on a panel of expert 
researchers and clinicians using rigorous synthesis processes. The results from 
these reviews are then used to produce both national and international standard 
practice guidelines. These guidelines are then in turn used by both nurses and allied 
health professionals to manage healthcare problems such as verification of 
endotracheal tube placement (Burns & Grove, 2011:24).  
 
 An integrative review is a review and synthesis of the literature on a specific area 
that follows specific steps of literature incorporation and synthesis without statistical 
analysis. In some literature these two terms, namely, systematic review and 
integrative review are used interchangeably even though there is no statistical 
analysis (LoBiondo-Wood & Harper, 2010:9). 
2.2.2 The purpose of doing a systematic review 
With the rapid expansion of nursing and allied healthcare professions it has become 
nearly impossible to keep up with the latest research evidence. Over the last few 
years there has also been an eruption of articles available on the internet, access to 
articles has increased rapidly and sometimes this creates an overwhelming number 
of hits to explore. In addition there is a huge challenge to build and maintain the skills 
needed to use this wide variety of electronic media that allows access to large 
amounts of information (Hemingway & Brereton, 2009:2).  
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Additionally clinicians, nurses, therapists, policy makers and consumers need 
extensive information that is of good quality, effective and appropriate for a large 
number of healthcare interventions, not just one or two. For many of the healthcare 
professionals this need conflicts with their busy clinical or professional workloads 
and for some the amount of information can become overwhelming, and a lack of 
information can lead to patient safety concerns. It is not uncommon for the number of 
published studies to run into hundreds and thousands for most areas, and some of 
these studies may provide one with conflicting ideas and results. When looked at 
individually each article may provide one with limited insight into the problem; but 
when taken together, as in the case of a systematic review, a clear, concise and 
more consistent picture will arise (Hemingway & Brereton, 2009:2). 
 
Even though the field of medicine and nursing is evolving at a rapid rate, the best 
available evidence is still not being used in nursing practice today. Therefore the 
researcher has undertaken this research study with the aim of developing practice 
recommendations based on the best available evidence that can be implemented 
into daily nursing practice. A systematic review allows one to gather all types of 
research evidence from various levels of evidence and to appraise this literature 
critically using the various tools available for this. It then provides one with clear and 
concise information about what the majority of researchers agrees and disagrees on 
and an overview of many different authors, decreasing the chance of bias 
(Hemingway & Brereton, 2009:2). For the reasons stated above the researcher has 
decided on doing a systematic review so that the recommendations developed are 
not of a biased opinion. Seeing that systematic reviews form the basis for developing 
clinical practice guidelines, the researcher decided on doing a systematic review as 
there are currently no clinical practice guidelines available for the verification of the 
endotracheal tube placement in the mechanically ventilated patient. A systematic 
review provides one with available literature that can be used in a further research 
study for the development of a clinical practice guideline related to the correct 
placement of the tube.   
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2.2.3  Systematic review versus a narrative literature review 
In contrast to systematic reviews, narrative reviews condense evidence in a non-
systematic manner and are therefore more likely to be affected by bias. Systematic 
reviews aid clinicians in keeping up to date with the latest medical and nursing 
research findings and are also used in the development of clinical practice 
guidelines, for patient information and in policy decision- making. They are also 
being utilized to plan future research programmes (Wieseler & McGauran, 
2010:1240). 
 
Reviews have formed part of healthcare literature for a long time and experts in the 
field have searched for ways in which to collate existing knowledge and publish 
summaries on specific topics. Traditional reviews are sometimes also known as 
literature reviews, narrative reviews or critical reviews within the literature. Although 
sometimes these reviews can provide one with very useful background reading, they 
are different from a systematic review in that they are not directed via a peer-
reviewed protocol and so it is not frequently possible to duplicate the findings 
(Hemingway & Brereton, 2009:2).  
 
In some instances the reviewers may not have an open mind to the 
recommendations that were made and argue a case based on their own personal 
beliefs, selectively looking for studies that fit in with their own beliefs, creating 
considerable bias. Despite the negative aspects linked to a narrative review they are 
still widely used and significant. The insufficiency of traditional reviews and the need 
for a more rigorous systematic approach was emphasized in 1992 by colleagues 
Elliot Antman and Joseph Lau who stated two disturbing results, namely, that the 
use of better reviews could have had benefits for patients with heart attacks in the 
mid-1970’s already and secondly that narrative reviews were sadly inadequate in 
summarizing the current state of knowledge. These papers also showed that a lot of 
knowledge could have been gained from comparing existing research and that 
traditional reviews had failed hopelessly to extract important knowledge (Hemingway 
& Brereton, 2009:3). 
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According to Moule & Goodman (2009:261), systematic literature reviews are 
fundamental to evidence-based practice because they produce the best evidence, 
can help to enlighten practice decisions by providing a quality-filter and synthesis of 
huge amounts of evidence and provide a basis for clinical practice guidelines.   
 
As discussed in Chapter One of this study, there is no current practice guideline 
available for the verification of the endotracheal tube in the mechanically ventilated 
patient in the critical care unit. The risks involved with incorrect placement were also 
highlighted in Chapter One and therefore the need for improvement in the quality of 
care the patients are being provided with is crucial. The care delivered to the patients 
in the critical care unit should be based on reliable, valid and sound evidence. 
Furthermore, it is of utmost importance that nursing care be aimed at providing the 
patient with safe, effective and reliable patient care. 
 
One of the main advantages of a systematic review is that healthcare providers can 
integrate large amounts of information quickly and that the delay between research 
findings and application of effective diagnostic and therapeutic treatments may be 
reduced (Moule & Goodman, 2009:251). If these guidelines are implemented they 
will be able to reduce the variances among healthcare practitioners.  
2.3 RESEARCH METHOD 
Even though the systematic review is referred to as secondary research, carrying out 
a systematic review also necessitates a method or design in gathering and analysing 
literature. The need for rigour in the construction of systematic reviews has led to the 
formulation of a formal scientific process for how systematic reviews are done. The 
overall process should be directed by a systematic reviewed protocol (Hemingway & 
Brereton, 2009:4). 
2.3.1 Systematic review protocol 
When doing a systematic review there are various steps that need to be adhered to, 
the first step in the process being the development of a review protocol. The protocol 
development process begins with the searching of databases to see if a recent 
review report exists or not. The development of a research protocol which is of the 
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utmost importance for a good quality systematic review, gives one a predetermined 
plan to ensure scientific rigour and to decrease the chances of potential bias 
(Pearson et al, 2007:54). 
 
According to the JBI (2001:2) the systematic review protocol confirms that the review 
is performed with the rigour. The protocol has a similar role the as the research 
proposal and each step of the systematic review is defined in detail. Developing the 
systematic review protocol is the first step in carrying out a systematic review. The 
protocol comprise the research question, the strategy used to search the literature as 
well as the aims and methods to be used to find applicable literature that will be used 
in the systematic review. The protocol also includes the inclusion and exclusion 
criteria as well as the types of outcomes and the language of the publications used in 
the systematic review. The systematic review protocol is developed before the 
literature search to prevent possible bias from occurring (Torgerson, 2003:26).  A 
systematic review protocol was developed and is included as Annexure A. 
2.3.2  The review question 
As in any other research study a systematic review requires a well-formulated 
research question. The question needs to be clearly stated so that there is no risk of 
misinterpretation of the purpose of the review. The question is often set out as a brief 
statement and it is also not uncommon for a review to answer more than one 
question. The more extensive the question the more challenging it can be to carry 
out the review and to make recommendations. Moule & Goodman (2009:252) 
proposes that the review question must be very specific in order to provide the 
reviewers’ ability to determine whether a paper should be included or rejected as 
being irrelevant; and this means that the question needs to have clear objectives 
attached. 
 
The applicable review question needs to be a clear statement of the objectives of the 
review; therefore intervention or phenomena of interest, applicable patient groups 
and the types of evidence or literature collected will help answer the question. These 
details are rigorously used to select studies for inclusion in the review (Hemingway & 
Brereton, 2009:4). In the evidence based practice methodology, it is suggested that 
18 
Research design and method  Chapter Two 
 
 
clinical questions be asked using the PICO format (patient population, intervention of 
interest, comparison intervention or status and outcome) to produce the most 
pertinent and best evidence. The research study however, used the PPC format, P 
represented the population, P referred to the phenomenon of interest and C 
represented the context (JBI Comprehensive Training Module 1, 2010). In this 
research study, the population refers to the adult intubated patient while the 
phenomenon of interest is the verification of endotracheal tube placement and the 
context the critical care unit. The review question posed for the verification of 
endotracheal tube placement in the mechanically ventilated patient in the critical care 
unit was as follows:  
 
What is the best available evidence on the verification of endotracheal tube 
placement in the mechanically ventilated patent in the critical care unit? 
2.3.3  Searching for evidence 
An extensive, comprehensive and unbiased search is an important prerequisite for 
any systematic review and every effort should be made to recover all relevant 
studies. Most research reports are published in journals; but some findings might be 
presented at conferences, which may or may not be published (Moule & Goodman, 
2009:253). It is therefore required of the researcher to make every effort to find 
unpublished works as well as examining all appropriate electronic and hand-
searched literature bases.  
 
According to Pearson et al, (2007:60), it is of vital importance to develop a thorough 
search strategy as a poorly structured search strategy can affect the quality of the 
review should it fail to recognize research papers pertinent to the review questions. 
While doing the systematic review, the search strategy was done in three different 
steps in order to find the applicable evidence. 
  
Step one involved the searching of the literature, where various databases were 
searched and the researcher became familiar with the topic. The key search terms 
were identified and a document of the search terms was developed.  The main 
databases that were searched included CINAHL, EBSCOHOST, MEDLINE (via 
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PubMed), the JBI systematic review library, the Cochrane Library, clinical evidence 
from the British medical Journal (BMJ) and the National Guidelines Clearinghouse 
and Google Scholar. These online databases contain summaries of studies, 
overviews of diseases and summaries of the latest evidence to support treatment. 
Full text articles were available for access via these databases. The JBI systematic 
reviews were accessed online from the JBI site. Google scholar was used as a 
starting point to start searching as it helped with identifying key terms; but did not 
always help as certain journal articles had restricted access. The initial search 
helped the researcher to become familiar with the topic and also gave a feel for how 
easily accessible the literature regarding the topic was. Some databases gave free 
access to articles whereas others required purchasing or subscription. Where 
articles were of vital importance to the study, but had restricted access, the 
researcher approached the librarian for assistance and some of the articles were 
sourced in this manner.  
 
In step two all the databases were searched using the identified search terms. In 
doing a literature search it is essential to decide which studies to include and which 
studies to exclude. According to Pearson et al, (2007:67), it is recommended that the 
following should be considered when developing criteria for inclusion and exclusion 
of articles: the types of studies to be included and excluded, the types of participants 
to be included in the studies, the intervention, activity or phenomenon, the types of 
measure outcomes and the time period. The initial inclusion and exclusion criteria is 
presented in the systematic review protocol, however a more comprehensive 
discussion of the criteria will follow in Chapter Three. See Annexure F for a complete 
list of the articles excluded in this study and the reasons why they were excluded. 
 
Step three explored the bibliography search, which involved the searching of 
reference lists and bibliographies of all papers, as well as grey literature. Grey 
literature is the term used for papers, reports, technical notes and other documents 
that are not distributed or indexed by commercial publishers. According to Pearson 
et al, (2007:35), grey literature has the ability to complement and communicate 
findings to a wider audience, rather than to compete with the published literature. 
Through pearl growing different journals besides the well-known critical care journals 
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were uncovered, such as the Annals of Emergency Medicine, The New England 
Journal of Medicine and Resuscitation. The researcher did an extensive amount of 
pearl growing and found this method of searching literature to be very helpful as 
several useful articles were found. 
 
Unpublished studies were searched to help decrease the risk of publication bias; but 
the search for unpublished literature was difficult. The Nesibopho Guidelines that 
were developed as part of an initiative by the Critical Care Society were found and 
university libraries were also searched to establish if any unpublished dissertations 
and theses were available.  Abstracts as well as full text articles were used and in 
the cases where only abstracts were available the librarian helped in finding the full 
text article. Journals were hand searched with the aim of finding as many articles as 
possible for inclusion into the study. See Annexure D for the list of hand-searched 
journals. 
 
Once the searching process was completed and literature collected that answered 
the research question, the researcher must be able to differentiate between the 
types of evidence available. The literature collected can be recognized by using a 
hierarchy of levels of evidence (Aveyard, 2010:42). Although the level of evidence 
does not indicate the worth of the study it is useful in helping one to think about the 
strengths and weaknesses of a study. There are different hierarchies of evidence 
models accessible of which the LoBiondo-Wood and Harber (2010:16) has been 
used in this particular study (see Table 2.1). The reason for using this particular 
model in this research study was that the study’s objectives are evidence-based; and 
therefore a wider variety of evidence can be drawn.  The particular hierarchy below 
offers the inclusion of the different types of evidence found. 
 
Due to the amount of literature review papers found answering the review question it 
was decided to include the evidence in the hierarchy as level IIV evidence. 
Once all the research articles were found, they were read and re-read to ascertain 
whether or not the literature was applicable to the research review question. They 
were also reassessed and categorized according to the hierarchy of evidence. The 
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amount of studies according to the hierarchy of evidence found will be discussed in 
Chapter Three. The evidence hierarchy is reflected in the table below. 
Table 2. 1: Levels of evidence hierarchy 
(LoBiondo-Wood and Haber,2010:16) 
Level I Systematic review or meta-analysis of randomized control trials 
Clinical practice guidelines based on systematic reviews 
Level II A well-designed randomized controlled trial or randomized cross- over 
studies 
Level III Controlled trial without randomization(Quasi-experimental) 
Level IV Single non-experimental study: 
• Cohort studies, correlation 
• Descriptive, survey  
• Observational 
• Case reports 
• Retrospective 
• Prospective 
Level V Systematic reviews of descriptive and qualitative studies 
Level VI Single descriptive or qualitative study 
Level VII Opinion of experts and/or reports, of expert committees  
conference/congress papers, literature review papers or best practice 
information sheets or guidelines (added by the researcher for the 
purpose of this study) 
2.3.4  Data appraisal 
Critical appraisal, also known as a critique of literature, is an organized systematic 
way to evaluate a research study or group of research studies or other pieces of 
evidence found, using a specific set of criteria to determine the quality of evidence 
given by the literature to ascertain whether or not the literature is applicable to 
research, education or practice (LoBiondo-Wood and Harber, 2010:57). Critical 
appraisal is of the utmost significance as it assesses the importance and quality of 
the paper to the review question (Aveyard, 2010:92). 
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After the various papers were collected and categorized according to the hierarchy of 
evidence levels, the studies were then re-read so that the researcher became 
familiar with the studies in order to be certain of the type of study design that was 
used in each study. The reason for doing this was to ascertain that the correct critical 
appraisal was selected for the type of paper to be appraised. 
 
To aid in this process of critical appraisal, there are different critical appraisal tools 
available, for example, Revman, CATmaker, RAPID or the SUMARI For the purpose 
of this research study the SUMARI (System for Unified Management, Assessment 
and Review of Information) version 4.0 was used and the different critical appraisal 
tools were used to appraise critically articles according to their level of evidence as 
suggested in Table 2.1.  
 
The JBI-MASTARI (Joanna Briggs Institute Meta-Analysis of Statistics Assessment 
and Review Instrument) is designed to carry out the meta-analysis of the results of 
comparable cohort, time series, descriptive studies, case reports or review papers by 
using a number of statistical approaches. The JBI-NORTARI (Joanna Briggs Institute 
Narrative, Opinion and Text Assessment and Review Instrument), is used to facilitate 
critical appraisal, data extraction and synthesis of expert opinion texts and reports 
(SUMARI suite accessed via www.joannabriggs.edu.au). Copies of the various 
critical appraisal tools used in this study are included as annexures H-K. Even 
though the SUMARI suite is very broad, it did not allow for the appraisal of the 
clinical guidelines found. Therefore the Appraisal of Guidelines Research and 
Evaluation (AGREE II) tool was used. The AGREE II tool gives one an outline for the 
development and implementation of clinical practice guidelines. A checklist of 23 
items across six different quality domains presents a useful tool for the creation and 
evaluation of guidelines. The AGREE II tool was used in this particular research 
study for the critical appraisal of the clinical practice guidelines found. See Annexure 
G for a copy of the AGREE II tool used in this research study.  
2.3.5  Data extraction  
When undertaking a systematic review the literature is collected from the results of 
the included studies. The process of taking the literature from these different studies 
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in a systematic and repeatable manner and preparing it in such a way that related 
results are grouped together for analysis or synthesis is known as data extraction. 
During the process of data extraction the study material and literature are extracted 
from various journal publications or other documents and in some cases the author 
or manufactures may need to be contacted to get hold of missing information or to 
clarify open questions (Wieseler and McGauran, 2010:1241).   
 
The JBI-MAStARI and JBI-NOTARI software Version 4.0 correspondingly allowed for 
the extraction of the literature once the studies were found and critically appraised. In 
the JBI-MAStARI, the extraction details page listed a range of fields which described 
the study method, setting, participants, and number of participants, intervention, 
authors and reviewers’ contribution. (See Annexure L). 
 
The JBI-NORTARI literature-extraction tool and the JBI-MAStARI software package 
were different from one another. The JBI-NOTARI included extraction fields such as 
the type of text, to whom the study referred or related to, the setting, geographical 
context of the study and cultural context. (See Annexure M). 
 
When using the AGREE II instrument no literature-extraction tool was available and 
owing to the number of clinical guidelines found, it was seen as unnecessary to 
develop and pilot a literature-extraction tool. Once the appraisal of the guidelines 
was done, the literature was then presented in a summarized way. 
 
For the purpose of this research study both the primary and secondary reviewers 
used the data extraction tools from the SUMARI suite to guide the extraction 
process. Once the literature was extracted a summary of each article was done by 
both reviewers and consensus was agreed upon as to which articles to exclude and 
which to include in the study. The excluded articles were tabulated and the reasons 
for exclusion noted. See Annexure F for a complete list of excluded articles and the 
reasons for exclusion from this review.  
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2.3.6  Data synthesis and presentation 
In carrying out a systematic review literature analysis is concerned with the 
combining of results from studies that are similar. Two well-known approaches for 
synthesizing literature collected from a systematic review are mainly used: meta-
analysis and meta-synthesis (Pearson et al, 2007:92). 
 
Meta-analysis refers to the statistical processes that are used to pool the results of 
studies of a similar nature. The statistics from different papers are combined to 
generate different sets of results into one bigger and more significant set of results. 
Meta-analysis has the benefit that many and varying results from each study can be 
summarized into one study. However, unless the emphasis or design of all the 
studies is the same, combining the results will not be possible or fitting. The 
approach can further only be used for quantitative date of a similar type. When 
statistical analysis is not possible, current practice is to develop a summary of the 
results (Aveyard, 2010:126; Pearson et al, 2007:92). Results from the quantitative 
evidence found were critically appraised and literature extracted using the tools in 
the MAStARI module.   
Meta-synthesis refers to merging results that are acquired from qualitative studies. 
The results of qualitative studies are understood rather than summarized and involve 
defining keywords, phrases and ideas that occur in the same way in all or some of 
the studies in order to develop new concepts from the connections identified 
(Aveyard, 2010:127).  The evidence found was heterogeneous and therefore the 
literature collected could not be meta-synthesised. 
 
Once literature was extracted using the JBI NOTARI software package, conclusions 
or recommendations were drawn from the studies reviewed by both the primary and 
secondary reviewer. The identified conclusions or recommendations for each paper 
were then entered into the conclusion field. Once all the conclusions were drawn for 
the various papers reviewed, groups were allocated to the various conclusions. 
Categories are groups of conclusions that reflect similar relationships between 
similar phenomena, variables or circumstances that may inform practice (JBI 
SUMARI user guide, Version 4.0 accessed via www.joannabriggs.edu.au). The 
categories were formulated based on the items that were repeated in the 
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conclusions or recommendations, for example, verification methods, endotracheal 
tube placement, end-tidal CO2 and complications of incorrect endotracheal tube 
placement. Synthesis of literature involved the combining of categories, to 
summarize the findings of the individual studies into a final recommendation(s). The 
literature as reported by categories and synthesis are discussed in Chapter Three of 
this research study.  
2.3.7  THE FORMULATION OF THE RECOMMENDATIONS  
In order to achieve the secondary objective of the study, recommendations must be 
made to assist professional nurses in verifying endotracheal tube placement in the 
mechanically ventilated patient in the critical care unit. 
 
Owing to the scope of the study, a guideline could not be formulated. However, 
derived from the systematic review literature analysis, recommendations were made 
that can serve as a basis for future research guideline formulation. The 
recommendations for the research study are made based on The United States 
Preventative Services Task Force (USPSTF), grades of recommendation. The 
USPSTF is composed of a panel of experts namely; physicians and epidemiologists 
that analytically review evidence and develop recommendations for clinical 
preventative services. 
 
The United States Preventative Services Task Force grades its recommendations by 
using the letter grades A, B, C, D, or I and allocates a letter to each 
recommendation, accessed via the link www.ahcpr.gov/clinic/uspt-fix.ht. 
• Grade A. Recommended. There is great certainty for clinicians that the benefit 
to the patient is significant therefore this grade is strongly recommended. 
• Grade B. Recommended. There is a fair amount of certainty for the clinician 
that the benefit to the patient is reasonable or substantial. 
• Grade C. No recommendation. Clinicians may well provide a service to certain 
patients depending on individual patient circumstances. However, for most 
patients not exhibiting signs or symptoms there may be only a small benefit. 
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• Grade D. Not recommended as there is a high possibility that the service 
being provided has no benefit to the patient or that the possibility of harm 
being done is greater than the benefit. 
• I statement. There is not enough evidence to assess the balance of benefits 
and harms to the patient. 
 
The researcher will apply the grading system when making recommendations to 
verify the endotracheal tube placement in the mechanically ventilated patient in the 
critical care unit. These recommendations will be based on the true literature derived 
from the systematic review. 
2.3.8  Assessment of the quality of studies included for critical appraisal in the 
systematic review 
Seeing that the systematic review intends to summarize the best available evidence 
by means of combining the results of suitably similar results, it is important to note 
that combining of poor quality evidence may lead to outcomes that are less desirable 
for patients. Therefore it is of the utmost importance to ensure that whatever 
evidence used to make recommendations and to formulate clinical guidelines is 
based not only on the best available evidence, but also that a rigorous process is 
followed to ensure the validity and reliability of the results. All papers selected for 
inclusion in the systematic review need to be subjected to rigorous appraisal by two 
appraisers or reviewers independently.  
 
The major aim of critical appraisal of any type of evidence is to establish the validity 
and reliability of the evidence for practice. Validity in this context refers to the 
soundness of the evidence, in other words, it is about the degree to which the 
evidence can be accepted as reliable and valid. When considering critical appraisal 
of evidence for practice, it is important to understand that validity of evidence relates 
to the power it has to convince us that it is sound and supportable. Reliability of the 
study findings refers to whether the effects have sufficient influence on practice, 
clinically and statistically (Melnyk and Fineout-Overholt, 2005:80; Pearson et al, 
2007:75).  
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Whether or not the evidence being appraised comes out of randomised control trials 
or results from a qualitative study, its validity and reliability still have to be assessed. 
In order to assess the worth of the studies included in the systematic review, various 
critical appraisal tools were used for the several types of evidence found. For 
example, when the evidence arose from research, validity and reliability were linked 
to the rigour of the research process used. Criteria used to assess rigour differed 
according to the research customs that supported the research process reported. 
When evidence came out of opinion or a summary of ideas as echoed in literature 
papers, the validity was reliant on the strength and the authority of the source and 
expression of the opinion that renders it supportable and relevant (Jones and Evans, 
2000:70; Pearson et al, 2007:74).  
 
The critical appraisal process through the use of the various critical appraisal tools, 
which assessed different aspects of each study, included the terms of the research 
design, methods and statistical analysis. These different tools ensured that the 
studies included in the review were valid, reliable and of a good quality. The tools 
used in this study had been validated before and were accessed from the JBI 
website. They were used to aid in both the critical appraisal and data extraction of 
the literature collected for this study. 
2.4  ETHICAL CONSIDERATIONS 
Ethics is a specialised field of study which deals with the dynamics of determining 
what is right and wrong and can be looked at from three different standpoints. 
Descriptive ethics consists of factual explanations of conduct or moral beliefs that 
tend to be found more in research studies. The study of moral judgements is 
concerned with analytical ethics while normative ethics is concerned less with what 
someone thinks is right but more with what is in fact right (Pera & van Tonder, 
2008:4). According to Walsh (2001:70), research ethics refers to the standards and 
behaviour of the practical procedures that the researcher is expected to follow. There 
are various ethical considerations to adhere to in conducting research.  
 
However since the type of research being conducted by the researcher is a 
systematic review  the customary methods of literature collection and analysis were 
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not used, but certain ethical principles still needed to be adhered to because 
research projects are certain to raise ethical questions. The ethical principles 
indicated below were considered in this research study. 
2.4.1 Ethical review 
The research paper was reviewed by an ethical body of the university where the 
researcher has enrolled to undertake this research and submitted for approval to the 
Research Committee in the Department of Nursing Science and the Faculty of 
Health Sciences Research, Technology and Innovation (FRTI) Committee of the 
university (FRTI reference number for the study: H11-HEA-NUR-007). 
2.4.2 Permission to conduct the study 
Even though no formal literature collection was done in terms of collecting literature 
from a research population, permission had to be obtained from the hospital and unit 
managers by means of formal written permission to review current policies, 
procedures or guidelines related to the topic under review. See Annexures B and C 
for the permission letters. 
 
2.4.3 Plagiarism 
According to Mouton (2009: 241), one of the main ethical principles of any research 
study is that one must acknowledge one’s sources of information. This means that all 
sources of information other than your own be made reference to. Failure to abide by 
this principle is known as plagiarism and for the purpose of this research study all 
sources of information were referenced. 
 
2.4.4 Objectivity and integrity 
When doing research the researcher should at all times uphold objectivity and 
integrity by maintaining the highest possible technical standards in their research. 
The researcher should also always indicate the limitations experienced while doing 
the study and findings of the study should be reported on fully, honestly and at no 
point should results be tampered with (Mouton, 2009:240). Both these ethical 
principles were strictly maintained during the course of this research project. 
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2.5 SUMMARY OF CHAPTER  
Chapter One discussed the research design and method which are fundamental in 
planning and performing the research study. The research design and method was 
discussed in this chapter and in chapter three the systematic review report for the 
verification of the endotracheal tube in the mechanically ventilated patient will be 
described. 
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CHAPTER TRHEE: SYSTEMATIC REVIEW REPORT 
3.1  INTRODUCTION 
In Chapter One a basic overview of the study was given as well as the research 
objectives and research questions to be explored. Chapter Two focused on the 
description and application of the research design and method.  
As described in Chapter Two, systematic reviews are the core of evidence-based 
practice. Once a systematic review is completed, it is of the utmost importance that 
the information or literature obtained be disseminated in the form of a systematic 
review report. Systematic review reports can provide a sound basis for the 
development of clinical guidelines. The parts that make up the systematic review 
report and one’s original research protocol must correlate. The systematic review 
report must include the following: a complete background that rationalizes doing the 
review, a clear account of the objectives of the review, an explanation of the 
inclusion and exclusion criteria, the search strategy that was used to gather 
information to be used in the review and the method used for the critical appraisal, 
data extraction and data synthesis. Furthermore, the systematic review report also 
includes a brief description of each article used, including the type of study, the 
number of papers used in the review and a summary of the overall quality of the 
studies used in the review. The final systematic review report should include 
appendices of critical appraisal tools, data extraction forms and tables of the 
included and excluded studies (Pearson et al, 2007:102). 
In this chapter the systematic review report will be discussed on the verification of 
endotracheal tube placement in the mechanically ventilated patient in the critical-
care unit.  
3.2  VERIFICATION OF ENDOTRACHEAL TUBE PLACEMENT  
Often when patients are admitted to the critical-care unit, they have a compromised 
respiratory system and have difficulty maintaining an open airway. An artificial airway 
or ventilatory support become of vital importance to support oxygenation and 
ventilation in patients unable to do it for themselves. Artificial airways have many 
purposes. Firstly they establish an airway; secondly they protect the airway when the 
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cuff is inflated; thirdly, they provide continuous ventilatory aid and aid in facilitating 
airway clearance (Morton & Fontaine, 2009:574). 
An endotracheal tube is usually inserted when a patient needs assistance with 
ventilation or protection of the airway from aspiration. In order to minimize the 
chance of complications when intubating a patient, only a person of rigorous 
competence should perform the intubation procedure. Once the tube has been 
placed in the trachea, the cuff must be inflated and the chest must be auscultated on 
both sides of the chest to listen for equal breath sounds. The abdomen or epigastric 
area must also be auscultated to exclude possible oesophageal or gastric intubation 
and the tube must then be secured. The level of the tube must then be made a note 
of to prevent changing of the tube position which could lead to some of the many 
complications related to incorrect placement (Morton & Fontaine, 2009:577). 
 
The purpose for doing a systematic review on the verification of endotracheal tube 
placement in the mechanically ventilated patient in the critical-care unit was: 
• to use the information obtained from the systematic review to formulate 
recommendations that can be applied in the critical-care unit, since it appears 
that there are no recommendations or best-practice guidelines currently 
available on the topic available in the critical-care unit where the researcher is 
employed.  
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The items for discussion in this section of the study are tabulated in Table 3.1 below 
 
Table 3. 1: Items for discussion of the systematic review report on the 
verification of endotracheal tube placement in the mechanically ventilated 
patient 
3.2       Verification of endotracheal tube placement  
3.2.1     Methods 
3.2.1.1  The review question 
3.2.1.2  Searching for evidence 
3.2.1.3  Selection of evidence 
3.2.1.4  Critical appraisal 
3.2.1.5  Data extraction 
3.2.1.6  Data synthesis 
3.2.2     Discussion and results of the systematic review 
3.2.2.1  Description of evidence 
3.2.2.2  Results 
3.2.3    Summary for the systematic review on the verification of endotracheal tube 
placement in the mechanically ventilated patient  
3.2.1  Method 
The method used to conduct the systematic review on the verification of 
endotracheal tube placement in the mechanically ventilated patient is discussed in 
this section of the research report. 
3.2.1.1 The review question 
The review question was formulated using the PPC format which is described as the 
population (P) referring in this study to the adult mechanically ventilated patient; the 
phenomenon (P) of interest is the verification of the endotracheal tube and the 
context(C) refers to the critical-care unit. 
• What is the best available evidence on the verification of endotracheal tube 
placement in the mechanically ventilated patent in the critical-care unit? 
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3.2.1.2 Searching for evidence 
The three-step approach, as explained in Chapter Two, was used to search for 
literature. To begin with, CINAHL, MEDLINE (via PubMed), EBSCOHOST, the JBI 
systematic review library, the Cochrane Library, the National Guidelines 
Clearinghouse and Google Scholar were searched using broad terms, for example, 
“verification of endotracheal tube placement”. 
The second step involved searching all the above-mentioned literaturebases using 
the recognized search terms and the inclusion and exclusion criteria to decide which 
research papers had to be saved. Search terms used to find literature relating to the 
verification of endotracheal tube placement were, for example, “verification of 
endotracheal OR tracheal tube placement OR complications linked to incorrect 
endotracheal tube placement OR verification of endotracheal OR tracheal tube 
placement”; “full text journal articles related to endotracheal tube placement AND or 
verification”; “endotracheal tube placement”; “verification of endotracheal tube  
placement”; “complications of incorrect endotracheal tube placement”; “ventilation 
AND verification of endotracheal tubes”. The search terms related to the various 
databases are reflected in Annexure E. The inclusion and exclusion criteria used in 
recognizing the suitable literature are discussed later in this Chapter. 
In step three the various reference lists and bibliographies of all the research papers 
for the identification of any additional studies that had not yet been found were 
searched. Pearl growing was done on these reference lists and bibliographies and 
the literature found by this method may have been otherwise missed. Hand 
searching for articles in critical care, anaesthetic journals and emergency care 
journals was done to ensure that all possible evidence was found and included in the 
study. The local university was used to access these journals and a search for 
unpublished literature was also done; but only one article was found. The Nesibopho 
Guidelines that were developed as part of an initiative by the Critical Care Society of 
Southern Africa were contacted to establish the availability of national guidelines, of 
which there was none available for the verification of endotracheal tube placement in 
the mechanically ventilated patient.  
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A thesis by Jordan and van Rooyen, (2011) relating to the verification of the 
endotracheal tubes in the Critical Care Units in the Nelson Mandela Metropole was 
found. The Hospital and the Critical Care Unit of the particular private hospital where 
the researcher is currently employed were contacted to establish if any practice 
guidelines on the research topic were available. One institutional policy for the 
measurement and control of cuff pressures of the endotracheal tube was found; but 
nothing directly related to the research topic. The researcher also gained permission 
to obtain institutional statistics related to the amount of patients being mechanically 
ventilated in the critical care unit where the researcher is currently employed and to 
use this information in this study. 
3.2.1.3 Selection of evidence 
The inclusion and exclusion criteria as stated in the systematic review protocol were 
used to guide the selection of evidence to be included in this review. The inclusion 
criteria looked at all types of papers, types of participants, types of interventions, 
types of outcomes, language of publications and the time period the studies were 
conducted and published. The inclusion and exclusion criteria are discussed below. 
 
Inclusion criteria 
The criteria were set so that different types of evidence could be included in the 
systematic review. The studies selected for inclusion in the study had to adhere to 
the criteria as discussed. 
Types of evidence 
To be able to use all types of evidence in the review, all papers that described 
verification of endotracheal tube placement were included in the systematic review. 
Therefore clinical practice guidelines, randomised controlled trials, quasi-
experimental, cohort studies, observational and descriptive studies, expert opinion 
and literature review papers, were included in the systematic review. 
 
All the research papers found were assessed using the hierarchy for rating evidence 
as stated in LoBiondo-Wood and Harber (2010:16). Owing to the paucity of 
randomised controlled trials, systematic reviews and meta-analysis on the topic, and 
the number of literature papers found, it was decided that the literature papers would 
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be added as level VII to the hierarchy of evidence. The number of papers according 
to the hierarchy of evidence is presented in Table 3.2 below. A description of the 
total number of papers found is reflected in Figure 3.1. 
 
Table 3. 2: Papers included for the critical appraisal on verification of endotracheal      
tube placement 
Level  Types of evidence No of papers 
allocated 
I Systematic review or meta-analysis of randomised control 
Trials 
Clinical practice guidelines based on systematic reviews 
0 
 
1 (+7) 
II A well-designed randomised controlled trial or randomized 
cross-over studies 
3 (+3) 
III Controlled trial without randomization (quasi-experimental 
study) 
0 
IV Single non-experimental study 
• Cohort studies, correlation 
• Descriptive 
• Survey 
• Observational 
• Case reports 
• Retrospective 
• Prospective 
 
1 
0 
1 
0(1) 
1(0) 
(1) 
4(4) 
V Systematic reviews of descriptive and qualitative studies 0 
VI Single descriptive or qualitative study 0 
VII Opinion of experts and/or reports or expert committees 
Conference/congress papers 
Literature review papers 
Best-practice information sheets or guidelines (added by the 
researcher) 
0 
(1) 
9(8) 
0 
Total number of papers 20(25)=45 
Please note: the papers indicated in brackets () were excluded from the critical 
appraisal  
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Types of participants  
All studies that comprised human, adult patients older than 18 years were included in 
the study. Furthermore the participants included in the study had to be intubated with 
an artificial airway, namely an endotracheal tube, and had to be attached to a 
mechanical ventilator in a critical care unit.  
 
Types of interventions or activities 
Interventions that were included were those related to the verification of the 
endotracheal tube in the adult mechanically ventilated patient. Interventions of 
interest include those related to verification of endotracheal tube placement.  
 
Types of outcomes 
The primary outcome measured in the various types of evidence found included the 
reduction in the complications related to incorrect placement of the endotracheal 
tube. The secondary outcomes would include a decrease in hospital stay in the 
critical care unit, increased adverse effects, patient safety and a decrease in the 
mortality and morbidity of the patient’s. 
 
Language of publications  
The initial search excluded all papers that were not published in English. 
 
Time period 
To ensure a complete search, all papers that were published up to 1999 were 
included in the systematic review. Literature that was published before 1999 was 
considered out-dated as more up-to-date evidence was often available. 
 
Exclusion criteria 
All studies that focused on paediatrics and neonates were excluded because of the 
major anatomical and physiological differences in these population groups. Animal 
studies were also excluded for the same reasons as stated above. See Annexure F 
for the characteristics of the excluded studies from the systematic review. 
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3.2.1.4 Critical appraisal  
The critical appraisal was done using the critical appraisal tools available in the JBI 
SUMARI software packages, Version 4.0. The JBI NORTARI and the MAStARI 
critical appraisal tools were used (as described in chapter 2) to appraise critically the 
papers found. The JBI NOTARI was used to appraise critically the opinion, 
conference/congress papers and literature review papers found. See Annexure K for 
a copy of the critical appraisal tool used. 
 
The MAStARI was used to appraise Levels II, III and IV evidence found. Different 
critical appraisal tools were available for the different types of evidence used. See 
annexures H, I and J for copies of the critical appraisal tools used. The AGREE II 
appraisal tool was used to assess the quality of the critical practice guidelines on the 
verification of endotracheal tube placement. (See Annexure G)  
 
Two reviewers independently appraised the papers found using the various critical 
appraisal tools. The primary reviewer, namely the researcher, summarized the 
results in order to make the final appraisal and when inconsistencies were identified 
between the appraisal results of the two reviewers, consensus debates were held to 
establish the reasons for the incongruities. After consensus was reached between 
the two reviewers, the final selection of papers was done for inclusion in the 
systematic review. 
3.2.1.5 Data extraction 
For the data extraction of this study, different literature-extraction tools were used 
from the JBI SUMARI software package. After the critical appraisal process, the 
literature- extraction tools were used and then a summary of each article was done 
by both the primary and secondary reviewer.  
 
NOTARI was used for each of the papers that were appraised in Level VII. Each 
paper was carefully read and re-read in order to capture all the details needed for 
extraction. Extra attention was paid to the conclusions and recommendations of each 
article in order to understand the core concepts and ideas of each article. The 
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extraction details for Level VII opinion, conference and literature review papers 
included the following: (See Annexure M) 
• the type of text, for example, literature review paper; 
• those presented in the paper, to whom the study refers; 
• setting, example: critical-care unit; 
• geographical context referring to the location of the research;  
• cultural context referring to the features of the study eg: age, gender, ethnicity 
of the study population; 
• clarity and logic of each paper’s argument and presentation and 
• author’s conclusions, stating the main findings  
(www.joannabriggs.edu.au). 
 
The literature-extraction tools in MAStARI accessed via the SUMARI software 
package were used to extract literature for Level II, III and IV evidence. The 
extraction tool lists a variety of fields which describe the study: method, setting, 
participants, number of participants, interventions, author’s conclusions and reviewer 
conclusions. These fields are present in each of the various study design types that 
can be included in the systematic review. Details, however, do differ slightly for the 
different types of study designs (See Annexure L). 
 
No literature-extraction tool was available for the AGREE II tool; therefore the 
literature was summarized using the different headings as stated in the AGREE II 
appraisal tool.  
3.2.1.6 Literature analysis and synthesis 
Once the data extraction was completed the next step in the review process was 
completed, namely the analysis and synthesis of literature. The literature analysis 
and synthesis were done using the SUMARI software package. The JBI NORTARI 
package allowed for conclusions and categories to be developed and captured. The 
conclusions are the main findings reached by the reviewer after exploring the results 
of the literature analysis. Categories are groups of conclusions that mirror similar 
relationships (www.joannabriggs.edu.au). 
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The content of each Level VII paper that was included in the review was summarized 
to provide a clear depiction of it. The main findings of each paper were summarized 
in a table format, stating the author and publication details, aim of the paper, type of 
study, main findings and its strengths and limitations. A code(s) was then given to 
the main findings of the paper. For example, if the paper focused on depth of 
endotracheal tube, the code given was depth of endotracheal tube. After all the 
papers had been coded, the codes were grouped together to generate a conclusion 
on the paper. The conclusions were then used to develop categories. The 
synthesized literature is illustrated in Table 3.3.  
 
Table 3. 3: Synthesized literature from evidence found on verification of 
endotracheal tubes in the mechanically ventilated patient 
Category Conclusions 
Methods of endotracheal tube 
verification 
Clinical assessment 
Capnography 
Depth of insertion 
Direct visualization 
Chest X-ray 
Oesophageal detector devices 
Pulse oximetry 
Complications related to incorrect 
endotracheal tube placement  
Hypoxemia 
Aspiration 
Improper positioning 
Hyperinflation  
Oesophageal intubation 
 
For each research paper that was critically appraised, summaries were made and 
where possible, these summaries were linked to the categories developed from the 
Level VII evidence. The clinical guidelines used in the study also followed a similar 
process of identifying the main findings of the study, coding this information and then 
categorizing the literature. The AGREE II tool was used for this process of critically 
appraising the level I evidence. The tool was developed to address the issue of 
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variability in guideline quality and the tool also assesses the rigour of development 
and quality of the guideline. By using this tool a summary related to the effectiveness 
of the evidence was produced. This tool consists of six different domains which 
assess different aspects of the study. Domain 1 assesses the scope and purpose of 
the study while domain 2 looks at the stakeholder involvement. Domain 3 deals with 
the rigour of development and domain 4 the clarity of presentation. Domain 5 
assesses applicability and domain 6 looks at editorial independence.  
3.2.2 Results and discussion of systematic review  
In this section of the study the results of the systematic review will be discussed and 
will be divided up according to the categories and conclusions as set out in Table 
3.3. A description of the various studies found along with the critical appraisal will 
also be discussed. 
3.2.2.1 Description of evidence 
After the initial literature search 55 possible papers were identified for inclusion into 
the systematic review. The researcher disregarded duplications (n=2) and studies 
(n=8) that did not adhere to the inclusion criteria as they were pediatric studies. No 
animal studies or non-English papers were found in the literature search. A total of 
45 papers were included for critical appraisal. 
 
After the critical appraisal process was completed twenty-five papers were excluded 
from inclusion on the systematic review. Nine were literature papers (Level VII), and 
were excluded as they did not answer the review question. Eight of the nine papers 
did not answer the review question and one paper did mention the placement of 
endotracheal tubes; but the article focused on suctioning and therefore was seen as 
not specific enough to the study. Six Level IV papers were excluded as three of the 
six papers addressed the out-of hospital patient; one paper focused on head-injuries; 
one was aimed at paramedics and one was a quality improvement programme that 
did not apply to the study. Of the three Level II articles excluded one was specific to 
bronchoscopies and the use of bronchoscopes while the other focused on the use of 
a stylet and ultrasound in positioning. This particular study also used only a human 
cadaver for the entire study so the researcher questioned the rigour of this particular 
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article and therefore decided to exclude it. The last of the three articles was an 
abstract and owing to the lack of information was excluded from this study. Seven 
clinical practice guidelines (Level I) evidence were excluded as one was an 
institutional procedure manual that did not form part of the hierarchy of evidence; two 
were from the American Heart Association and proved to be a good guidelines but 
lacked rigour in development; therefore even though the content of these guidelines 
was suitable for the study, the rigorous process of the guideline development was 
not clearly described and so it was excluded. The fourth guideline was excluded 
because it was a best-practice guideline that lacked rigour of development. The fifth 
guideline was an unpublished article and did not answer the review question as the 
focus was on suctioning; and the remaining two of the seven were excluded because 
they focused on pre-hospital care. A total of 20 papers were thus included in the 
systematic review for the verification of endotracheal tube.  Fig 3.1 reflects the 
search results. 
 
Figure 3. 1: Results of the papers found and included in the systematic review: 
verification of endotracheal tube placement 
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3.2.2.2 Results of the systematic review 
The results of the systematic review on the verification of endotracheal tube 
placement will be discussed under the headings as set out in Table 3.3.  
 
3.2.2.2.1 Methods of verification of the endotracheal tube 
Verification of endotracheal tube placement is of utmost importance because 
unrecognised oesophageal intubation can be fatal. Various methods and devices 
have been discovered in an effort to abolish this dreaded complication. While there 
are many different methods and devices used for the verification of the endotracheal 
tube in the mechanically ventilated patient, no one method has proven 100% 
effective (O’Connor & Swor, 1999:248). In the following section of the research 
different methods of verification will be discussed, namely: clinical assessment, 
capnography, depth of insertion, direct visualization, chest X-ray, oesophageal 
detector devices and pulse oximetry.  
 
Clinical assessment 
According to a randomised controlled trial done by Muslu, Sert, Kaya, Demiricioglu, 
Gozdemir, Usta and Boynukalin (2011:674), it was recommended that when 
performing a physical examination or clinical assessment of a patient to verify the 
position of the endotracheal tube, the first assessment skill usually performed would 
be  the auscultating of the lungs. Auscultating of the lungs should provide one with a 
clear indication as to whether or not the tube is in the correct position. Adding to this, 
auscultation may also be deceptive in patients with decreased lung compliance or in 
patients who experience severe bronchospasm. 
 
In another randomised controlled study by Sitzwohl, Langheinrich, Schober, Krafft, 
Sessler, Herkner, Gonano, Weinstabl and Kettner (2010:1), it was recommended 
that bilateral auscultation of the chest be done in order to identify and prevent 
possible endobronchial intubation. Sitzwohl et al, (2010:2) also stated that 60% of 
patients in the critical care unit had an endobronchial intubation despite their having 
equal breath sounds on auscultation.  
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From the information found in these two (Level II) evidence papers it is clear that 
there is a difference in opinion and a definite in-congruency as one author states that 
auscultation is still the first step in verification and the American Heart Association is 
in agreement; but the other author argues that auscultation is an inconsistent method 
of verification. 
 
In two different level IV articles, one a case report and the other a prospective study, 
both authors agree that auscultation is a common method to ensure correct 
placement of the endotracheal tube. However, both authors also agree that this 
method of verification is not without faults. Kenneth & Dittrich (2002:43), state that 
detecting the position of the endotracheal tube by auscultation alone leads to 
inaccuracies as air flowing through the oesophagus has been proven to imitate 
normal respiratory airflow and auscultation of the axillary region alone has been 
proven to be insensible for the incorrectly placed endotracheal tube, while Grmec, 
(2002:703) stated in his prospective study, that auscultation was accurate when 
done by experienced examiners and failure to detect oesophageal placement ranged 
from 0.4 – 1.5%. It was also noted that false-negative results occurred with 
auscultation, due to the sound of air through the esophagus being misinterpreted as 
breath sounds.  
 
Takeda, Tanigawa, Tanaka, Hayashi, Goto and Tanaka (2003:156), argue that in 
their level IV prospective study, that auscultation of the chest does achieve the best 
results among the tests they did to detect tracheal intubations in patients who had 
suffered a cardiac arrest. Their study did, however, generate some false-positive 
results which was of concern to the researchers and the reliability of the method of 
auscultation was found to be related to the tidal volume during the test and therefore 
a larger tidal volume and absence of gastric distension may have improved the 
results obtained. They also deduced from their study that auscultation of the bilateral 
axillae produced a 100% accuracy to verify correct tube placement and it produced 
85% specificity to detecting oesophageal intubation. In another level IV correlation 
paper by Knapp, Kofler, Stoiser, Thalhammer, Burgmann, Posch, Hofbauer, Stanzel 
& Frass (1999:768), 100% accuracy of proper tube placement was achieved by 
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experienced examiners and only 68% by inexperienced examiners when 
auscultation was used as a method of verification.  
 
Once again an in-congruency exists among the authors as they agree on certain 
aspects of auscultation; but on other aspects they disagree. Muslu et al (2011:674) 
and Sitzwohl et al (2010:2) are not in agreement regarding auscultation as a method 
of verification. Kenneth & Dittrich (2002:43) and Grmec, (2002:703), agree that this 
method of verification is not without faults, while Takeda et al (2003:156) and Knapp 
et al (1999:768) argue that auscultation does achieve good results and Knapp found 
that 100% accuracy in correct tube placement was found with  experienced 
examiners respectively.   
 
A literature review paper done by Johnson, Schweitzer and Ahrens (2011:29), states 
that a comprehensive physical assessment is an essential part of both the care and 
outcomes of the patients because a physical assessment can be done quickly and 
with a minimal amount of equipment. However, physical findings tend to change 
slowly and sometimes only the late signs are recognizable, for example, an altered 
mental state. Auscultation does not give one any information as to how well the 
lungs are functioning and whether or not the blood is being oxygenated effectively for 
gaseous exchange. In another literature review by Couchman, Wetzig, Coyer and 
Wheeler (2007:8), auscultation is mentioned as a commonly used technique as 
stethoscopes are easily accessible; but referred sounds may be heard even when 
the tube is incorrectly positioned.   
 
The use of clinical assessment methods for verifying the position of the endotracheal 
tube such as auscultation, chest movement, clouding of the endotracheal tube and 
auscultation over the epigastrium are methods which are used in clinical practice but 
often fail, which was noted in a literature review paper by Jain & Vargese (2007:12).  
Based on the findings of the evidence, it can be concluded that clinical assessment 
to check the correct position of the endotracheal tube, namely, auscultation is a 
method that can still be used in practice. However, it should not be used in isolation 
as it has been found that there are incongruences noted with some of the clinical 
assessment methods. Therefore nurse practitioners should use both the clinical 
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assessment methods along with a secondary method of verification to ascertain if 
the tube is in the correct place. A summary of the results for this section is illustrated 
in Table 3.4.  
Table 3. 4: Summary of studies on clinical assessment 
Author 
reference, 
study 
design 
Study 
size 
Patient type Outcomes 
measured 
Summary of main 
results 
Sitzwohl et 
al, 2010, 
RCT  
n=160 Adult patients, 19-
75 years, 
scheduled for 
elective 
gynaecological or 
urological surgery 
Group 1(n=80) 
tracheal group 
Group 2(n=80) 
Bronchial group 
Bilateral 
auscultation of 
the chest in 
order to identify 
and prevent 
endobronchial 
intubation 
Bilateral auscultation 
is recommended but 
in the study, 60% of 
patients in the critical 
care unit had an 
endobronchial 
intubation despite 
their having equal 
breath sounds on 
auscultation.  
Muslu et al, 
2011, RCT 
n=150 Adult surgical 
patients scheduled 
for elective surgery  
and intubation 
Auscultation as 
a verification 
method 
Auscultation may be 
deceptive in patients 
with unhealthy lungs 
or in patients with 
severe 
bronchospasm 
Takeda et 
al, 2002, 
Prospective 
study 
n=137 Adult patients, 
emergency 
intubation 
Three different 
methods to 
verify placement 
of the tube 
Auscultation does 
not achieve the best 
results to detect 
tracheal intubations 
in patients who had 
a cardiac arrest 
Kenneth & 
Dittrich, 
n=23 Adult patients The use of 
auscultation as 
Auscultation alone 
leads to inaccuracies 
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2002, Case 
report 
a verification 
method  
because air flowing 
through the 
oesophagus has 
been proven to 
imitate normal 
airflow 
Grmec, 
2002, 
prospective 
study 
n= 378 Adult intubated 
patients 
The use of 
auscultation 
was by 
experienced 
examiners 
False-negative 
results might occur 
when using 
auscultation as the 
movement of air can 
be misinterpreted 
Johnson et 
al, 2011, 
literature 
review 
*n= 52 Adult patients Auscultation as  
verification 
method 
A comprehensive 
physical assessment 
can be done quickly 
but because physical 
findings change 
quickly, sometimes 
only late signs are 
seen 
Couchman 
et al, 2007, 
literature 
review 
*n=69 Patients in the 
critical care unit 
Auscultation as 
a technique for 
verification 
Referred sounds 
may be heard even if 
the tube is 
incorrectly placed 
 
Jain & 
Vargese, 
2007, 
literature 
review 
*n= 22 Adult patients in 
the critical care 
unit 
Auscultation is a 
method used in 
clinical practice 
to verify tube 
position 
Auscultation as a 
verification method 
often fails 
For literature review papers found, * n= () indicates the number of references used in 
the literature review papers as no sampling method was used.  
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Capnography 
In a clinical practice guideline by Thomas, Harvey and Hurst, (2009:4) 
(www.ics.ac.uk/professional/standards_safety_quality/stan), it was stated that 
patients that were critically ill were often dependent on the correct placement of the 
endotracheal tube, patency and correct positioning of the tube. Capnography has 
been accepted for many years as the standard method to ascertain the correct 
position of the endotracheal tube. However, it is being less frequently applied in the 
practice of critical care. In the clinical practice guideline on the standards for 
capnography, it is recommended that capnography should be used for all critically ill 
patients during the intubation procedure with either an endotracheal tube or a 
tracheostomy tube in the critical-care unit for the correct verification of the 
endotracheal tube. They also recommend that capnography be used in patients who 
need mechanical ventilation during transport. However it should be noted that, in 
some situations for instance, when a patient has ingested a carbonated drink and 
after prolonged bag-mask ventilation capnography can be misleading.  
 
In three different randomised controlled trials related to capnography and its place in 
verification of the endotracheal tube the following results were found: two of the 
studies by Muslu et al (2011:671) and Werner, Smith, Goldstein, Jones and Cydulka,  
(2007:76), agreed that end-tidal carbon dioxide detection had been found to be the 
most effective for secondary confirmation of the endotracheal tube, but both studies 
also indicated that this method of verification was only 93% effective. The other 
study, by Sitzwohl et al (2010:5) however suggested that many national and 
international societies recommended the use of end-tidal carbon dioxide detection as 
a method to confirm placement of the endotracheal tube.  
 
Evidence from the lower levels of the evidence hierarchy, namely, a case report by 
Kenneth & Dittrich, (2002:43), a survey by Delorio, (2005:493) and a prospective 
study by Grmec (2002:703), all agreed that the use of capnography was very reliable 
in verifying the correct placement of the endotracheal tube in the non-cardiac arrest 
patient. However the survey conducted by Delorio (2005:491) has some results 
which contradict the other papers. When 55% of the surveys were returned the 
results revealed that even though many professional societies supported the use of 
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end-tidal carbon dioxide monitoring, the method had not proven to be 100% 
effective. Kenneth and Dittrich (2002:43) agree in saying that end-tidal carbon 
dioxide measurement is a reliable way in which to verify the correct placement of the 
tube; but it is not without faults as false positive results have occurred.  
 
In a literature review paper by O’Connor & Swor (1999:249), it is stated that end tidal 
carbon dioxide detection is strongly recommended but one needs to be aware of the 
fact that the detection of carbon dioxide is dependent on sufficient cardiac output or 
blood flow, and that it might not be as effective in cardiac arrest patients. Another 
literature paper by D’Mello and Butani( 2002:269) has suggested that capnography 
is much more useful than just checking the position of the endotracheal tube as it 
can also provide one with valuable information about carbon dioxide production and 
can therefore be used as a tool to identify life-threatening conditions like the 
misplacement of the tube. A literature review by Johnson et al (2011:25) agreed that 
there were many other valuable uses for end-tidal carbon dioxide measurement 
besides verification of the endotracheal tube like detecting a misplaced tube and 
aiding with the assessment of a patients’ perfusion. In the literature review by 
Grmec, Prosen, Kit, Strnad and Klemen (2010:37) it was found that capnography 
was the most reliable method for correct verification in both cardiac arrest and non-
arrest patients. A summary of the studies is illustrated in Table 3.5. 
 
Table 3. 5: Summaries of the studies on Capnography 
Author 
reference, 
study design 
Study size Patient type Outcomes 
measured 
Summary of main 
results 
Thomas et 
al, 2009, 
Guideline 
n=100 Adult patients 
in the critical 
care unit 
The use of 
capnography in 
critically ill patients 
Capnography, 
accepted standard 
for positioning of 
ETT 
Sitzwohl et 
al, 2010, 
RCT  
n=160 Adult patients, 
19-75 years, 
scheduled for 
elective 
The use of end-
tidal CO2 to 
confirm placement 
of the tube in the 
Many national and 
international 
societies 
recommended the 
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gynaecological 
or urological 
surgery 
Group 1(n=80) 
tracheal group 
Group 2(n=80) 
Bronchial 
group 
trachea use of end-tidal 
carbon dioxide 
detection as a 
method to confirm 
placement 
Werner, et 
al, 2007, 
RCT 
n= 33 Adult’s 
undergoing 
elective 
surgery 
Capnography as a 
method for 
secondary 
endotracheal 
confirmation 
Capnography only 
93% effective 
Muslu, et al, 
2011, RCT 
n= 150 Adult patients 
scheduled for 
elective 
surgery and 
intubation 
Capnography as 
verification method  
Only 93% effective 
Delorio, 
2005, survey 
550 
surveys 
Active 
emergency 
physician 
members 
The use of 
capnography 
amongst   
Despite the 
recommendations 
to use CO2 for 
confirmation of 
ETT neither is 
widely available 
nor consistently 
applied 
Kenneth & 
Dittrich, 
2002, Case 
report 
n=23 Adult patients The use of 
capnography as a 
verification method 
End-tidal CO2 as 
a method has 
yielded false-
positive results 
reporting the tube 
to be in the 
trachea when 
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actually in 
oesophagus. 
Grmec,2002, 
prospective 
study  
n=345 Adult 
intubated 
patients  
Capnography as a 
reliable method of 
verification 
Capnography is 
reliable in non-
cardiac arrest 
patients 
O’Connor & 
Swor, 1999, 
Literature 
review 
*n=25 Adult patients End-tidal CO2 as a 
verification method   
The detection is 
dependent on 
sufficient cardiac 
output  
D’Mello & 
Butani, 
2002, 
Literature 
review 
*n= 17 Did not use 
patients, 
examined all 
the variants 
used in 
capnography 
Capnography is 
much more useful 
than just for 
checking tube 
position 
This method can 
provide one with 
information like 
misplacement of 
the tube 
Johnson, et 
al, 2011, 
literature 
review 
*n= 52 Adult patients The use of end-
tidal CO2 
measurement 
Detection of a 
misplaced tube 
and assessment of 
a patients 
perfusion also 
useful information 
gained with this 
technique 
Grmec et al, 
2010, 
literature 
review 
*n=65  Adult patients Capnography as a 
reliable method of 
verification 
This method can 
be used in both 
cardiac arrest and 
non-arrest patients 
For literature review papers found, * n= () indicates the number of references used in 
the literature review papers as no sampling method was used.  
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Depth of insertion 
A randomised controlled study was done to compare the effectiveness of the 21/23 
cm rule, a method commonly used to approximate the correct depth of the 
endotracheal tube, meaning a correct depth of near 21cm for women and 23 cm for 
men. In the population studied, not a single patient would have been correctly 
intubated had they followed the rule. Inserting the endotracheal tubes according to 
the rule would have led to a shorter distance than recommended in 20% of the 
women in the study and 18% of the men in the study. Changing the rule to a 
20/22cm rule would have led to the recommended safety boundary not being 
reached in 9% of the women and 0% of the men. Therefore practitioners must 
accept that tube depths differ much from the 20/22cm rule and this method should 
only be used with extreme caution (Sitzwohl, et al, 2010:5). 
 
Another prospective study by Varshney, Sharma, Kumar and Varshney (2011:489), 
states that the ideal placement of an endotracheal tube should ascertain that the tip 
of the tube is sufficiently far from the carina to prevent possible endobronchial 
intubation. The cuff of the tube should be distal to the cricoid ring to safeguard 
against any possible damage to the vocal cords. In this study the correct anatomical 
length from the crico-tracheal membrane to the carina was measured so that the 
correct tracheal length could be obtained and used as a point of reference. By 
comparing airway distances, they found that in the Indian population the length from 
the lip to the carina was smaller than that of other population groups. Therefore the 
authors recommend that placement of a guide mark on the endotracheal tube will 
help to place the tube 3cm above the proximal end of the cuff and 8cm from the tip of 
the endotracheal tube tip. Positioning the tube in this way will guarantee safe 
placement of the tip of the endotracheal tube tip.     
 
A prospective observational study aimed at determining the accuracy of ballottement 
to ascertain if the endotracheal tube was in the correct place was conducted by 
Ledrick, Plewa, Casey, Taylor and Buderer, (2008:270). Ballottement, also known as 
manual cuff palpation, is another technique for determining if the tube is at the 
correct depth. The method involves palpating the pilot balloon and in this study the 
authors found that the test had reasonable reliability; but the accuracy of the method 
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showed a much lower result than expected. The study also used the ballottement 
method to assess the applicable endotracheal tube depth once the tube had already 
been secured. The study proved great accuracy with this method as there were no 
mal-positioned endotracheal tube depths. 
 
As for the correct insertion depth of the endotracheal tube, various methods exist as 
well as the use of X-rays, which are used to determine the depth of the tube. 
Ballottement has, however, been found to be impractical in the critical-care setting as 
this method could cause pain and unwanted rise in both blood and intracranial 
pressures, leading to further complications in the already compromised patient. 
Contradicting the previous study, a literature review by Reicher, Reicher and 
Reicher, (2007: 155) discourages the use of ballottement in the critically ill patient.  
The summaries of the studies for depth of endotracheal tube insertion are reflected 
in Table 3.6. 
 
Table 3. 6: Summaries of the studies on depth of insertion 
Author 
reference, 
study design 
Study 
size 
Patient type Outcomes 
measured 
Summary of main 
results 
Sitzwohl et 
al, 2010, 
RCT  
n=160 Adult patients, 19-
75 years, 
scheduled for 
elective 
gynecological or 
urological surgery 
Group 1(n=80) 
tracheal group 
Group 2(n=80) 
Bronchial group 
Depth of ETT 
insertion as a 
verification 
method 
This method 
should be used 
with extreme 
caution 
Varshney et 
al, 2011, 
prospective 
n=200 Adults planned for 
elective surgery  
The ETT length 
in the Indian 
population 
Authors 
recommend 
placement of a 
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study compare to 
other population 
groups 
 
guide mark on the 
tube will aid in 
correct placement 
of the tube. 
Ledrick et al, 
2008, 
prospective 
observational 
n=163 Recently intubated 
adults 
The use of 
ballottement as 
a method of 
endotracheal 
tube verification 
Of the study 
group, 17% of the 
ETT were verified 
incorrectly with 
ballottement 
Reicher et al, 
2007, 
literature 
review 
n=219 Critically ill patients The use of 
chest X-ray  for 
definitive ETT 
verification 
Radio frequency 
identification may 
be useful in 
evaluating 
endotracheal tube 
position 
For literature review papers found, * n= () indicates the number of references used in 
the literature review papers as no sampling method was used.  
 
Direct visualization 
In a randomised controlled study by Muslu et al (2011:674), the use of direct 
visualization of the endotracheal tube is mentioned as a method of verification of the 
endotracheal tube. The study states that the method of watching the tube pass 
through the vocal cords is regarded by many as the most reliable method of 
verification. The process, however, is sometimes not possible due to trauma, 
bleeding, vomitus or secretions obstructing visualization and oedema. Therefore 
when the cords have not been visualized many other verification methods should be 
used.  
 
In a prospective study the authors, Takeda et al (2003:156), suggest that 84.7% of 
the patients were intubated effectively on the first attempt and only one patient 
intubated on the fourth attempt with using the direct visualization method. Direct 
visualization of the tube between the vocal cords is still recognised as one of the 
most effective ways of correct endotracheal tube placement; however, visualization 
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of the cords may not always be possible. The results of the study still recommend 
that direct visualization as a feasible and valuable method of confirming correct 
placement of the endotracheal tube. Another prospective study by Grmec, 
(2002:703) agrees that visualizing the cords is a method still practiced but is more 
concerned about the fact that the cords may not always be visualized, especially in 
an emergency situation. It is also argued that the accuracy of this method is not 
specific and sensitive enough, when compared to other verification methods. 
 
A case report by Kenneth and Dittrich (2002:43) argues that even though direct 
visualization as a method of verification of the endotracheal tube is a reliable 
method, it is not without potential hazards as oesophageal intubation can occur even 
when the practitioner is confident that he or she has observed the tube passing 
through the cords. It may happen that the practitioner is side-tracked the moment 
just before the tube is to pass between the cords or that the anatomical structures 
differ from patient to patient.  
 
Two literature review papers by O’Connor & Swor (1999:248) and Fowler & Pearl 
(2002:47) discussed direct visualization as a method of correct verification of the 
tube. O’Connor & Swor, (1999:248) state that direct visualization should be the first 
method that one attempts before all other methods, because in visualizing the tube, 
the practitioner can rest assured that the tube is in the correct place. Visualizing of 
the cuff inflation is also seen as providing the practitioner with more justification to 
the tube being in the correct position; however, the possibility of hazards still occurs, 
for example, if the practitioner is not able to see the vocal cords or if the tube moves 
before it has been secured. Therefore this method cannot be used alone when 
verifying the correct placement of the endotracheal tube. Another literature review 
paper by Fowler and Pearl (1999:47), emphasizes direct visualization of the tube 
passing through the vocal cords has incomparable speed and achievement rates 
when compared with some of the alternative methods of placing endotracheal tubes 
and the vocal cords must be directly visualized before the tube is placed through 
them. 
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It appears that there is considerable congruency related to this method of 
verification, as the authors all agree that the method of direct visualization is a 
reliable method; but they all argue that this method is not without faults and should 
only be used as an adjunct to other methods of verification. 
Summaries of the studies related to direct visualization as a method for endotracheal 
tube placement are found in Table 3.7. 
 
Table 3. 7: Summaries of the studies on direct visualization 
Author 
reference, 
study design 
Study size Patient type Outcomes 
measured 
Summary of main 
results 
Muslu et al, 
2011, RCT 
n=150 Adult surgical 
patients 
scheduled for 
elective surgery  
and intubation 
Direct 
visualization as 
a verification 
method 
This method is not 
always possible 
due to trauma, 
bleeding, vomitus 
or secretions. 
However, this 
method is still seen 
as the most reliable 
method of 
verification 
Takeda, et al, 
2003, 
prospective 
study 
n=137 Adults who 
required 
emergency 
intubation 
Direct 
visualization is 
a method of 
verification 
Although direct 
visualization is 
regarded as one of 
the effective ways 
to verify the tube, it 
is not always 
possible, especially 
on the first attempt 
Grmec, 2002, 
prospective 
study 
n= 345 Adult intubated Visualization of 
the cords as a 
method of ETT 
The cords are not 
always visualized 
and therefore this 
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verification method of 
verification has 
inaccuracies 
Kenneth & 
Dittrich, 
2002, Case 
report 
n=23 Adult patients Direct 
visualization is 
a reliable 
method of 
verification of 
the ETT 
This method has 
potential hazards 
as oesophageal 
intubation can 
occur 
 
 
O’Connor & 
Swor, 1999, 
Literature 
review 
*n=25 Adult patients Direct 
visualization a 
method for 
correct 
verification 
Direct visualization 
should be the first 
method that one 
attempts to verify 
tube placement 
Fowler & 
Pearl, 2002, 
literature 
review 
*n=12  Adults Direct 
visualization 
has 
incomparable 
speed when 
compared with 
other methods 
The vocal cords 
must be directly 
visualized before 
the tube is placed 
through them  
For literature review papers found, * n= () indicates the number of references used in 
the literature review papers as no sampling method was used.  
 
Chest X-ray 
According to Knapp et al (1999:767) in the 38 intubated patients used in their study 
correct endotracheal tube position was confirmed by chest X-ray. A case report by 
Kenneth and Dittrich (2002:43) stated that the method of chest X-ray should not be 
used as a positive test to distinguish endotracheal from oesophageal tube 
placement.  A delay can occur between the time of taking the film and having the film 
developed.  Incorrect interpretation of the film can also occur due to the projection of 
the oesophagus over the tracheal air column. The use of the x-ray is mainly used to 
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identify if the tube is in the correct position within the trachea. Positive pressure 
ventilation can also lead to gastric rupture and pneumoperitoneum due to the tube 
being in the oesophagus and not the trachea. In this study the chest x-ray reading 
reiterated the difficulty involved when using this method as a confirmatory method.  
A literature review paper by Couchman et al (2007:8), echoed the previous two 
authors as this literature review agreed that chest x-rays were often commonly used 
to verify endotracheal tube placement; but there are limitations. The assessment of 
the chest x-ray happens at a specific point in time and therefore does not provide 
one with continuous information. The delay between taking the film and developing 
the film can also pose a problem as well as the anatomy of the patient; and the 
quality of the image taken can make verification challenging. Given the pitfalls with 
this method of verification, the authors advise that, when verifying placement of the 
endotracheal tube, two or more methods must be used in conjunction with one 
another as no one method has been proven to be effective if used in isolation.  
 
Regarding the usage of x-ray as a verification method one can deduce that from the 
literature collected here, all the literature agrees that it is a method being used in 
practice, it has its benefits; but also many pitfalls. Summaries of the studies related 
to chest X-rays are reflected in Table 3.8. 
 
Table 3. 8: Summaries of the studies on Chest X-ray 
Author 
reference, 
study design 
Study size Patient type Outcomes 
measured 
Summary of main 
results 
Knapp et al, 
1999, 
correlation 
study 
n=38 Adult patients 
requiring 
prolonged 
Mechanical 
ventilation 
X-ray as a 
method of 
verification 
Correct 
endotracheal tube 
position was 
confirmed using 
this method 
Kenneth & 
Dittrich, 2002, 
Case report 
n=23 Adult patients The method is 
mainly used to 
identify if the 
This method should 
not be used to 
distinguish 
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tube is in the 
correct position 
within the 
trachea 
endotracheal from 
oesophageal 
intubation 
Couchman et 
al, 2007, 
literature 
review 
*n=69 Patients in 
the critical 
care unit 
This method is 
commonly used 
to verify ETT 
placement 
There are 
limitations with this 
method, namely: X-
ray happens at a 
specific time and 
therefore does not 
provide continuous 
information, time 
delays between 
taking film and 
developing film and 
anatomy of the 
patient 
For literature review papers found, * n= () indicates the number of references used in 
the literature review papers as no sampling method was used.  
 
Oesophageal detector devices 
In their prospective study, Takeda et al (2003:156) state the use of oesophageal 
detector devices is recommended as a verification method. However the 
oesophageal detector device depends on the anatomical variances between the 
trachea and the oesophagus. Therefore the effectiveness of the device will not be 
affected by things like cardiac and non-cardiac arrest. However, from the results of 
the study it was found that most of the false-negative results were identified in the 
cardiac arrest group. The EDD also gives false-negative results in the presence of 
secretions, vomit, blood or any other fluids in the airway; and endobronchial 
intubation and having the bevel of the ETT against the tracheal wall can also lead to 
a false-negative result.  
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A case study by Kenneth and Dittrich (2002:43) agrees with Takeda et al in saying 
(2003:156) that EDDs depend on the variances in the rigidity of the walls of the 
oesophagus and trachea. It is a verification method that is very quick and has been 
reported to have sensitivity and specificity of close to 100%. However, false negative 
results were also a limitation in this study, having occurred in patients with secretions 
and obesity. The sensitivity of this method of verification when compared to some of 
the other methods is the benefit it has in cardiac arrest patients. Due to the fact that 
the EDD is not foolproof, it is once again clearly noted by the authors that no one 
method has been found solely effective and that multiple methods are used for the 
correct verification of the endotracheal tube placement. 
 
Two literature review papers also shared some similar thoughts on this topic. In one 
literature paper by De Boer, Seaver and Arndt (2003:445), the authors state that the 
cartilaginous rings of the trachea are what stop the trachea from collapsing and 
therefore, when a endotracheal tube is in place in the trachea, air will pass through 
and into the device as compared to when one does an oesophageal intubation. 
Because of the lack of the supporting structures of the oesophagus, it collapses and 
air does not enter the device. These devices can be of great use in patients with 
poor perfusion or those in cardiac arrest because they do not need a perfusing 
rhythm in order to deliver accurate results. EDDs can give misleading results in 
obese patients and in patients who are pregnant or those who have large amounts of 
secretions. O’Connor and Swor, (1999:248) agrees in their literature review paper 
that the rigidity of the trachea assists with the effectiveness of the oesophageal 
detector device as well as it being an effective verification method for endotracheal 
tube placement. However, in order to use this device optimally it is advisable that it 
be used in conjunction with other methods (O’Connor and Swor, 1999:248).  
  
It is once again evident that the literature collected reveals that oesophageal detector 
devices are a good method for verification and all the authors agree that this method 
is based on the structural differences between the trachea and the oesophagus and 
that there are instances when this method is not advisable for use, namely, when a 
patient has a lot of secretions. The method should not be used in isolation and rather 
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in conjunction with other methods. Summaries of the results are reflected in Table 
3.9. 
 
Table 3. 9: Summaries of the studies on oesophageal detector devices 
Author 
reference, 
study design 
Study 
size 
Patient type Outcomes 
measured 
Summary of main 
results 
Takeda, et al, 
2003, 
prospective 
study 
n=137 Adults who 
required 
emergency 
intubation 
EDD used as 
verification 
method in both 
arrest and non-
arrest patients 
False-negative 
results were found 
in cardiac arrest 
patients and in the 
presence of 
secretions, vomit or 
blood 
Kenneth & 
Dittrich, 2002, 
Case report 
n=23 Adult 
patients 
The use of EDD 
as a rapid and 
reliable indicator 
of proper tube 
placement 
Method should be 
used in conjunction 
with other methods 
of verification 
O’Connor & 
Swor, 1999, 
Literature 
review 
*n=25 Adult 
patients 
The use of EDD 
as a verification 
method  
Optimal use of EDD 
is in conjunction 
with other methods. 
Not advised to be 
used as a sole 
method of 
verification. This 
method is made 
possible because of 
the rigidity of the 
trachea and the 
structural 
differences between 
the two structures 
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DeBoer et al, 
2003, literature 
review 
n= 16 All patients The use of EDD 
as a verification 
method  
Helpful in patients 
with poor perfusion 
and those in cardiac 
arrest. Can however 
give misleading 
results in obese 
patients and in 
those patients with 
lots of secretions 
For literature review papers found, * n= () indicates the number of references used in 
the literature review papers as no sampling method was used.  
 
Pulse oximetry  
Another method used in verifying of the endotracheal tube is known as pulse 
oximetry. In a literature review by Johnson et al (2011:30), it was noted that currently 
in practice emphasis has been placed on the fact all patients receiving sedation need 
to have a pulse oximeter on their finger; but the pulse oximetry has no effect on 
adequate ventilation and a decrease in arterial saturation is usually a late indicator of 
deterioration in the patient’s condition. 
 
According to a case report by Kenneth and Dittrich (2002:43), pulse oximetry should 
be monitored continually while a patient is being intubated; but its use as a rapid 
indicator of oesophageal intubation is inadequate. The practice of pre-oxygenating a 
patient prior to intubation causes a decrease in detecting of desaturation which may 
have catastrophic events.  
 
A literature review by O’Connor and Swor (1999: 249) states that pulse oximetry can 
be used if the patient has a perfusing rhythm, as after intubation if the patient 
presents with persistent high saturation level it is seen as a good indicator for correct 
placement of the endotracheal tube. A gradual drop in saturation level may indicate 
oesophageal intubation. Pulse oximetry needs sufficient peripheral perfusion and is 
of very little value in shocked, hypovolemic and vasoconstricted patients.  
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From the literature gathered related to pulse oximetry, it is clear that the method 
definitely has a place in the critical care unit and that it is being used while patients 
are being intubated; but there are also limitations with this method and therefore it is 
not seen as the gold standard for endotracheal tube verification. Summaries of the 
results are reflected in Table 3.10. 
 
Table 3. 10 Summaries of the studies on pulse oximetry 
Author 
reference, 
study design 
Study 
size 
Patient type Outcomes 
measured 
Summary of main results 
Johnson, et 
al, 2011, 
literature 
review 
*n= 52 Adult 
patients 
Pulse oximetry 
as method 
used for 
verification 
This method has no effect 
on adequate ventilation or 
a decrease in arterial 
saturation level, therefore 
it is a late indicator of 
patient deterioration 
Kenneth & 
Dittrich, 
2002, Case 
report 
n=23 Adult 
patients 
Pulse oximetry 
as a 
verification 
method  
Method should not be 
used as a rapid indicator 
for oesophageal 
intubation as it’s use for 
this purpose has been 
found inadequate 
O’Connor & 
Swor, 1999, 
Literature 
review 
*n=25 Adult 
patients 
Pulse oximetry 
as a 
verification 
method  
This method is of little 
value in the shocked, 
vasoconsticted and 
hypovolemic patients. 
However, this method can 
be used in patients after 
intubation, if the saturation 
level is continually high 
The literature review papers *n= represented the number of references used by the 
author 
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3.2.2.2.2 Complications related to incorrect endotracheal tube placement 
A prospective observational study states that correct endotracheal tube placement is 
an important facet of emergency care and airway management. The first main 
concern is to ascertain that the tube is in the correct position, namely, the trachea; 
and the second priority would be to make sure that the depth of the tube is correct. If 
the tube is too deep it can lead to complications like irritation of the carina, excessive 
coughing, hyperventilation, atelectasis, aspiration, barotrauma and main stem 
intubation (Ledrick, et al, 2008:270).  
 
Hypoxemia 
One randomised controlled study by Sitzwohl et al (2010:1), states that serious 
complications can occur from incorrect tube placement in the main stem bronchus, 
such as hypoxemia, usually due to atelectasis formation in the lung that is not being 
ventilated and hyperinflation and barotrauma can occur in the lung that is ventilated 
and intubated.  
 
A prospective study confirms that endotracheal intubation may cause hyperinflation 
in the lung that is intubated and atelectasis predisposing to hypoxemia in the 
unventilated lung (Varshney, et al, 2011:489). 
 
Therefore it is clear from both the above-mentioned two studies that hypoxemia, a 
result of atelectasis, usually results from a main stem intubation and incorrect 
placement of the endotracheal tube predisposes one to the complication of main 
stem intubation. 
 
Aspiration 
Tracheal intubation after rapid-sequence anaesthesia causes a potential risk for 
gastric content aspiration. In patients who have a full stomach and are anesthetised, 
the risk for aspiration is increased because of ventilating the stomach in the case 
when the tube is incorrectly placed in the oesophagus. These findings were 
extracted from a randomised controlled study by Muslu et al (2011:671). Therefore it 
is important that the endotracheal tube be correctly verified in order to prevent the 
above mentioned complication from occurring. 
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Improper positioning 
Two prospective studies reported comments relating to improper position as a 
complication related to verification. One prospective study by Varshney et al 
(2011:489), reported that, if the depth of insertion of the endotracheal tube was too 
shallow the cuff of the tube might impinge on the vocal cords when the cuff was 
inflated which could lead to other complications like sympathetic stimulation, causing 
trauma, laryngeal nerve compression and an increased risk in accidental extubation. 
If the tube is too deep it can cause impingement on the carina leading to tachycardia, 
hypertension and bronchospasm. Another prospective study has argued that a 
shallow intubation can increase the risk of extubation, aspiration, and pressure from 
the cuff on the vocal cords which may cause subglottic stenosis (Ledrick et al 
2008:270). The evidence gathered is therefore congruent as both groups of authors 
argue that shallow intubations increase the risk of accidental extubation. 
 
A literature review by Reicher et al (2007: 155), states that there are a number of 
bedside methods that can be used to verify the correct depth of insertion of the 
endotracheal tube. Chest X-rays are still one of the main methods used to determine 
the correct depth of the endotracheal tube; but in many critical care settings it is only 
done daily and in some units even less frequently than once a day. The movement of 
the tube can occur often during the basic care of the critically ill patient. It is evident 
from all these studies that the depth at which the tube is secured plays a vital role in 
the patient safety as improper depth placement can lead to the complications 
mentioned above. 
 
Hyperinflation 
In their prospective study, Varshney et al (2011:489), state that endotracheal 
intubation can cause hyperinflation of the lung that is intubated leading to the non-
intubated lung becoming atelectatic and the intubated lung running the risk of 
developing barotrauma. Therefore hyperinflation alone poses many more dangerous 
risks for the intubated patient, for example, hypoxemia, which can lead to hypoxia of 
the brain, heart and lungs, leading to cardiac arrest and permanent brain damage. 
Owing to the above mentioned complication, it is of cardinal importance that the 
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endotracheal tube be correctly verified so as to prevent this complication from 
possibly occurring in the mechanically ventilated patients. 
 
Oesophageal intubation 
One randomised controlled trial has revealed that oesophageal intubation has a high 
rate of mortality and morbidity and even though there are many methods available 
for verification of the tube no method has been found to be 100% effective (Werner 
et al. 2007:75). Two prospective studies by Grmec, 2002:701; and Takeda et al. 
2003:154, both argued that oesophageal intubation occurs in 8-9% of all intubated 
patients in their respective study groups and that the consequences of endotracheal 
tube misplacement can be life-threatening if misplacement is not detected  
 
In a correlation study by Knapp et al (1999:766), the authors agree that oesophageal 
intubation is one of the main causes of death and brain damage and that 
approximately 8% of patients experience this complication. Some of the factors that 
may contribute to this complication include intubation in poor conditions, lack of 
equipment used to verify placement of the tube and inexperienced practitioners. 
Therefore it is of paramount importance that the endotracheal tube be correctly 
verified. 
 
In their literature review paper, Reicher et al (2007:155) have revealed that 
oesophageal intubation can lead to many other complications, namely: main-stem 
intubation and left lung collapse, but if identified early it can be corrected. By using 
disposable carbon dioxide measurement devices or continuous in-line monitoring of 
exhaled carbon dioxide, this problem can be quickly detected and resolved. 
 
Once again it is evident that oesophageal intubation is a complication that occurs in 
many of patients the who require intubation but if it is recognised early, the 
detrimental effected of this complication can be reduced. 
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3.2.3 Summary for the systematic review on verification of the endotracheal 
tube placement 
The evidence found on the topic related to the various verification methods and the 
complications were linked to each method. Despite the fact that there was a paucity 
of Level I and II evidence, consistent and repetitive literature was found in the 
evidence. The review highlighted the complications related to incorrect endotracheal 
tube placement and the importance of correct verification, and also stressed that 
incorrect verification had detrimental effects on the safety of the mechanically 
ventilated patient.  
3.3 SUMMARY OF THE CHAPTER 
This chapter described the findings of the systematic review done and the 
complications linked to improper placement of the endotracheal tube. A systematic 
review forms an integral part of the guideline development process and in the next 
chapter a discussion relating to the recommendations for future research on this 
topic will be done. Recommendations for practice based on the evidence collected 
from this systematic review as well as the recommendations for further research, 
nursing education and practice will discussed in Chapter Four. 
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CHAPTER FOUR: RECOMMENDATIONS 
4.1  INTRODUCTION 
This chapter addresses the conclusions, limitations and recommendations of the 
study. 
Chapter Three focused on the systematic review report and how congruent the 
evidence found was; and when it was not congruent how the opinions of researchers 
differed regarding the same topic. In this chapter recommendations will be devised 
for nursing practice, education and research and recommendations based on the 
systematic review done in chapter three will also be addressed. 
The primary objective for this study has been achieved by exploring and describing 
existing literature on the topic of correct verification of the endotracheal tube by 
doing a systematic review. The secondary objective, namely, to make 
recommendations to assist professional nurses in verifying endotracheal tube 
placement in the mechanically ventilated patient in the critical care unit, will now be 
discussed. 
The chapter will be divided into two parts, the first part giving a brief overview on the 
recommendations uncovered after the systematic review was done and the second 
section focusing on the recommendations for practice, education and research. 
4.2  CONCLUSIONS OF THE STUDY 
Owing to the high mortality rate and other complications related to incorrect 
placement of the endotracheal tube, nursing care offered to intubated patients 
should be done in such a way as to decrease the risks of the complications in order 
to improve patient safety. One way of doing so would be to implement the best 
available evidence and by using evidence-based practice guidelines, to aid in the 
care of mechanically ventilated patients. The development of clinical practice 
guidelines based on the best available evidence is one of the ways in which 
evidence researched can be put into practice.  
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All mechanically ventilated patients have an artificial airway in place, either an 
endotracheal tube or a tracheostomy tube. The reason for the artificial airway is to 
facilitate ventilation in patients who are unable to do so themselves and to help 
patients clear secretions. The overall purpose of this study was to search all the 
available literature related to the verification of the position of the endotracheal tube 
in the mechanically ventilated patient and to do a systematic review on this literature. 
The objective was therefore reached.  
A systematic review was done and the findings were discussed in Chapter Three of 
the study. The method for conducting a systematic review was reported on in 
Chapter Two. The secondary objective was also reached by making 
recommendations to assist professional nurses in verifying tube placement in the 
mechanically ventilated patient. 
Table 4.1 provides an overview of the various recommendations made from the 
systematic review and includes the grades of recommendation as well as the level of 
evidence as per the hierarchy of evidence as explained in Chapter Two. 
 
Verification of the endotracheal tube is paramount in the critical care unit as incorrect 
placement of the tube can be fatal. Therefore various methods of endotracheal tube 
verification are used in practice some of which include clinical assessment, 
capnography, depth of insertion, direct visualization, chest X-ray, oesophageal 
detector devices and pulse oximetry. 
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Table 4. 1: An overview of the recommendations 
Category Recommendation Grade of 
recommendation 
Level of 
evidence 
Clinical 
assessment 
Auscultation of the lungs 
should be the first step in 
verification of the tube, 
recommended 
 Grade A  Level (II), 
RCT(2) 
 Auscultation is a common 
method of verification but is not 
recommended as a sole 
method of verification. 
Grade C  
Grade D 
Level (IV), case 
report, 
prospective 
study(3) 
Level(VII), 
literature 
review papers, 
(3) 
Capnography Recommended to be used in 
all critically ill patients 
Grade A Level(I), clinical 
practice 
guideline, 
RCT(2) 
Reliable method for 
verification, recommended in 
non-cardiac arrest patients 
Grade C Level(IV), case 
report 
 End-tidal CO2 as strongly 
recommend  verification 
method 
Grade D Level(VII), 
literature 
review,(2) 
Depth of 
insertion 
Recommended that the 21/23 
cm rule be used with caution 
Grade A Level(II), RCT 
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Recommended that the 
anatomical length for each 
patient be measured  
Grade C Level(IV), 
prospective 
study,(2) 
Ballottement not recommended 
as it was found to be 
impractical in the critical care 
unit 
Grade D Level(IIV), 
literature review 
Direct 
Visualization 
Most reliable method, 
recommended, but not always 
possible to do 
Grade A Level(II), RCT 
Most effective method, 
recommended, may, however, 
not always be possible 
Grade C Level(IV) 
prospective (2), 
case report(1) 
Recommended this to be first 
method to be used but not in 
isolation as hazards such as 
inability to see the cords can 
occur 
Grade D Level (VII) 
literature 
review(2) 
X-Ray Recommended, confirmed 
correct placement 
Grade C Level(IV), 
correlation 
study 
 Not recommended as a 
confirmatory method 
Grade C Level(IV), case 
report 
Not recommended because of 
limitations 
Grade D Level(IIV), 
literature review 
Oesophageal 
detector 
devices 
Not recommended as false 
negative results occurred, 
especially in the presence of 
secretions 
Grade C Level(IV), 
prospective 
Recommended as quick and Grade C Level(IV), case 
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effective, but false negatives 
can occur 
report 
Not recommended as 
misleading in obese and 
pregnant patients, as well as in 
patients with lots of secretions 
Grade D Level(VII), 
literature review 
paper 
Recommended, but to be used 
in conjunction with other 
methods 
Grade D Level (VII). 
Literature 
review 
Pulse 
oximetry 
Not recommended as use as a 
rapid indicator of oesophageal 
intubation is inadequate 
Grade C Level (IV), case 
report 
Not recommended as is of very 
little value in shocked, 
hypovolemic and 
vasoconstricted patients 
Grade D Level (IIV), 
literature review 
 
 
Based on the information presented in Table 4.1, a summary of the main 
recommendations will now be presented. 
 
• Clinical assessment – Chest auscultation is recommended as the first step in 
verifying tube placement, however it is not recommended as a sole method for 
verification. 
• Capnography- Capnography is recommended to be used for ETT verification 
in all critically ill patients as it proves to be the most reliable method of 
verification. 
• Depth of insertion- it is recommended as a verification method as the 
anatomical length for each patient can be measured. Ballottement is not for 
verification as it is impractical in the critical care unit 
• Direct Visualisation- this method is recommended, but not always possible as 
the vocal cords are not always visualized. 
• X-Ray- not recommended as a confirmatory method for ETT verification.  
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• Oesophageal detector devices- recommended to be used in conjunction with 
other methods as false negatives can occur.  
• Pulse oximetry- not recommended as a method of endotracheal tube 
verification as it is of little value when used in the shocked, vasoconstricted 
and hypovolemic patients. 
4.4  LIMITATIONS 
 
The limitations of this study were identified. 
• While collecting the literature for the systematic review the main limitation was 
that many of the articles that were pertinent to the research topic had 
restricted access and when the librarian was used, she too could only access 
certain information and articles. Free access journal articles were also limited; 
• The availability of independent reviewers to help perform the critical appraisal 
independently of the researcher was also limited; 
• There was a lack of available randomised controlled trials and evidence from 
the hierarchy of evidence related to the research topic;  
• There was a paucity of literature on the topic under review. 
4.5  RECOMMENDATIONS  
The recommendations for the research study are made for nursing research, 
education and practice. 
4.5.1  Recommendations for research 
The literature analysis discovered that there was currently no practice guideline 
available for the verification of endotracheal tube placement in the mechanically 
ventilated patient. It is therefore recommended that, based on the systematic review 
done in this study, an evidence-based clinical guideline be developed and 
implemented into daily practice in the critical-care unit. By developing a guideline, 
the quality of care for the mechanically ventilated patient as well as the safety of 
these patients can be improved.  
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Further research is needed to identify the level of knowledge and understanding of 
the concepts related to evidence-based practice and the implementation and use of 
evidence-based practice guidelines in the critical-care unit as well as the 
implementation of the guideline, and then a follow-up quantitative study to explore if 
practice did actually change.  
 
From the complications related to the incorrect tube placement, further research can 
be done related to the effects that the complications of incorrect tube placement has 
on the safety of the patient. Future research is also needed on the use of 
capnography in the critical care unit. Furthermore, research on the topic of 
capnography can be explored to assess if it is the most reliable as literature 
recommends.  
4.5.2  Recommendations for education 
It is recommended that more importance be placed on evidence-based nursing care 
and evidence-based practices and decision-making related to nursing care practices 
in both under- and post-graduate programmes as so many nurses currently working 
in the critical-care units don’t even know what the terms mean and others have never 
even heard the words “evidence-based practice.” In doing this, registered nurses will 
develop a philosophy to base their decisions on the best available evidence and not 
on tradition or ritual.  
Registered nurses can be encouraged to attend short learning programmes or 
workshops on evidence-based decision-making in order to create awareness for 
making clinical decisions that are based on the best available evidence. In these 
workshops registered nurses can be taught how to formulate clinical questions 
relating to patient-care matters, search for literature, critically appraise and 
synthesise literature and make recommendations for patient care.  
It is recommended that short learning programmes be developed to create a greater 
awareness amongst professional nurses, including those who are experienced, 
employed by nursing agencies or who hold additional qualifications in Critical-Care 
Nursing regarding evidence-based practice. A short learning programme, which 
specifically addresses the nursing care of an adult, intubated and mechanically 
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ventilated patient in a critical-care unit, can be developed. In-service education 
relating to the verification of the endotracheal tube placement in the mechanically 
ventilated patient should be done  
4.5.3  Recommendations for practice 
Nursing care practices should be based on evidence and it is recommended that 
nurses start implementing the practice guidelines available and where guidelines are  
not available, that research be done, guidelines developed and implemented, to 
ensure best practice always. Recommendations for nursing practice can be made to 
various management teams of both the public and private health care sectors with 
regards to the use of capnography in the critical care units. The availability of 
capnography as a verification method should also be presented to the various 
management teams, as research has proven capnography to be the most reliable 
method of verification of the endotracheal tube in the mechanically ventilated patient. 
4.6  SUMMARY OF CHAPTER 
Owing to the fact that the field of evidence-based practice has evolved over the 
years, it is not acceptable anymore for nurses to use ritualistic, habitual and 
traditional practices. They must be able to justify their decisions made regarding the 
care of a patient on the latest available research evidence.  
This study has identified the possibility for an evidence-based guideline to be 
formulated relating to the verification of endotracheal tube placement in the 
mechanically ventilated patient as currently there is no practice guideline available 
and various different methods for verification are being used not only by the nurses 
but also by other members of the multi-disciplinary team as well. It is strongly 
recommended that an evidence-based clinical practice guideline be developed and 
implemented in practice.  
 
Various recommendations relating to practice, education and research have been 
made in this Chapter and it is recommended that these recommendations be put into 
practice. 
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ANNEXURE A: Systematic review protocol endotracheal tube verification in 
the mechanically ventilated patient in the critical care unit.  
 
Title of the review 
Endotracheal tube verification in the mechanically ventilated patient in the critical 
care unit. 
 
Background 
Verification of endotracheal tube placement is of the utmost importance because 
incorrect placement of the endotracheal tube can have catastrophic outcomes for the 
patient. Because unrecognized incorrect placement of the endotracheal tube has 
fatal effects, many methods of correct endotracheal tube placement have been 
employed and studied over the years. Some of these methods include clinical 
assessment by visualizing chest movement, auscultating of the chest, the presence 
of mist in the endotracheal tube. None of these methods however, have been proven 
to be without fault. Therefore more advanced techniques have been employed 
namely, end-tidal carbon dioxide measurement and oesophageal detector devices. 
End-tidal CO2 measurement has been well established in verifying the correct 
placement of the endotracheal tube (Angelotti et al, 2006:74). 
 
Considering that the main complication of incorrect endotracheal tube placement can 
lead to death, it is imperative that nursing care practice regarding the verification of 
endotracheal tube placement are carried out correctly and in accordance with the 
latest evidence-based recommendations. 
 
Review question 
The following review question will be posed:  
“What is the best available evidence on the verification of endotrachael tube 
placement in the mechanically ventilated patent in the critical-care unit?” 
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Searching for evidence 
The search strategy is designed in order to access all relevant studies and will 
comprise three phases, namely: 
1. Searching Medline, via PubMed, Health Source: Nursing/Academic Edition, 
CINAHL with full text, EBSCOHOST and the Cochrane library to identify and 
become familiar with relevant keywords as stated in the title, abstract and 
subject descriptions 
2. Searching all literaturebases, using the identified search terms 
3. Searching the reference lists and bibliographies of all papers for additional 
studies 
Search terms can include: “mechanical ventilation”, “endotracheal tube”, 
“guidelines”,” verification of endotracheal tube”, complications of incorrect tube 
placement”, “airway patency” 
 
Selection of studies 
Studies for inclusion in the review were selected according to inclusion and exclusion 
criteria which will be discussed below. 
 
Inclusion criteria 
The inclusion criteria include the types of papers, types of participants, interventions, 
outcome measures, language publication and time period. 
 
Types of evidence 
The review will include randomized controlled trials. However, in the absence of 
randomized control trials other research designs, such as non-randomized controlled 
trials, observational and descriptive studies, and other pieces of evidence, for 
instance literature review papers will be considered for inclusion in the review.  
 
Types of participants 
The review will consider all studies of human adult patients who are intubated with 
an artificial airway, namely, an endotracheal tube, and mechanically ventilated in a 
critical care unit. 
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Types of interventions or activities 
Interventions of interest include those related to verification of endotracheal tube 
placement. Specific interventions include the various methods that were used to 
verify correct endotracheal tube placement. 
 
Types of outcomes  
The primary outcome is a reduction in the complications linked to the incorrect 
placement of an endotracheal tube in the adult mechanically ventilated patients in 
the critical care unit. Secondary outcomes include reduced duration of mechanical 
ventilation, duration of stay in the critical care unit, increased patient safety and the 
risk of adverse effects related to the complications of incorrect endotracheal tube 
placement. 
 
Language of publications 
No language restrictions will be applied to the initial search. 
 
Time period 
Studies dated back to 1999 will be included in the review. However, if there is a 
paucity of literature, it may be deemed necessary to include older studies. 
 
Exclusion criteria 
The following will be excluded in the review 
• All animal studies 
• All studies conducted in the neonatal and paediatric settings 
 
Critical appraisal 
Identified studies that meet the inclusion criteria will be grouped into different 
categories as indicated by the LoBiondo-Wood(2010:16) levels of evidence. These 
studies will then be assessed for validity by two reviewers, prior to inclusion in the 
review. Critical appraisal tools will be developed and adapted from the System for 
Unified Management, Assessment and Review of Information (SUMARI) suite 
developed by the Joanna Briggs Institute (JBI)  
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Data extraction 
Following assessment of their methodological quality, the papers will be grouped 
according to the study design. The Joanna Briggs Institute literature- extraction tools 
will be used to extract literature. 
 
Data synthesis 
Results from comparable groups of studies will be pooled into statistical meta-
analysis. Heterogeneity between combined studies will be tested using the standard 
chi-square test. Where statistical pooling is not possible, or in the case of 
homogeneous studies the findings will be presented in a narrative form. 
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ANNEXURE  B: Permission to conduct a research study 
 
 
 
 
 
 
Date 2012 
The Hospital Manager 
Port Elizabeth 
6001 
Dear Madam/ Sir 
 
Permission to conduct a research study 
 
I am a Magister Curationis candidate enrolled for Critical Care Nursing at the above 
university and am required to conduct a research study. The focus of the research is 
to explore and describe existing literature related to endotracheal tube verification in 
the mechanically ventilated patient and to make recommendations to assist 
professional nurses. I hereby request permission to review any policies, procedures 
or existing guidelines related to the verification of endotracheal tube placement in 
critical care at your institution.  
 
Furthermore it is important to note that the study has been approved by the 
Department of Nursing Science and the FRTI, and that studies cannot be conducted 
without the approval of the committee members. 
 
Should you have any queries regarding this study please do not hesitate to contact 
me on the above-stated numbers. 
 
Yours sincerely 
Danielle Fataar 
Researcher 
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ANNEXURE  C: Permission to conduct a resarch 
 
 
 
 
 
Date 2012 
 
The Unit Manager 
Port Elizabeth 
6001 
 
Dear Madam/ Sir 
 
Permission to conduct a research study 
 
I am a Magister Curationis candidate enrolled for Critical Care Nursing at the above 
university and am required to conduct a research study. The focus of the research is 
to explore and describe existing literature related to endotracheal tube verification in 
the mechanically ventilated patient and to make recommendations to assist 
professional nurses. I hereby request permission to review any policies, procedures 
or existing guidelines related to the verification of endotrachael tube placement in 
critical care at your institution. Furthermore, it is important to note that the study has 
been approved by the Department of Nursing Science and the FRTI, and that studies 
cannot be conducted without the approval of the committee members. 
 
Should you have any queries regarding this study please do not hesitate to contact 
me on the above stated numbers. 
 
Yours sincerely 
Danielle Fataar 
Researcher 
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ANNEXURE  D:  List of hand searched journals 
 
Journal Title 
AACN Advanced Critical Care Nursing 
ACCCN’s Critical Care Nursing 
American Journal of critical care 
American Journal of respiratory critical care medicine 
Anaesthesia and Analgesia 
Archives of Internal Medicine 
Australian Critical Care 
Critical Care Nurse 
Critical Care Nurse Quarterly 
Chest 
Current Anaesthesia and Critical Care 
European Journal of Cardiovascular Nursing 
Evidence-based Health Care and Public Health 
Evidence-based Medicine 
International Journal for quality in Health care 
International Journal of Nursing Studies 
Journal of Advanced Nursing 
Journal of Emergency Nursing 
Journal of Internal Medicine 
Pre-hospital Emergency care 
Resuscitation 
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ANNEXURE  E:  SEARCH TERMS: endotracheal tube placement 
 
Literaturebase  
CINAHL #1 (verification of endotracheal or tracheal tube 
placement or complications of incorrect endotracheal 
tube placement or verification of endotracheal or tracheal 
tube placement) 
MEDLINE(via PubMed) #1 endotracheal tube placement 
#2 verification of endotracheal tube placement 
#3 complications of incorrect endotracheal tube 
placement 
#4 full text journal articles related to endotracheal tube 
placement AND or verification 
#5 NOT (animal) or (paediatric) 
#6 ventilation AND verification of endotracheal tubes 
JBI # 1 verification of the endotracheal tube 
#2 correct placement of the endotracheal tube 
#3 complications of incorrect endotracheal tube 
placement 
CENTRAL (The 
Cochrane Library) 
# 1 endotracheal tube placement 
#2 endotracheal tube verification 
#3 incorrect placement of the endotracheal tube 
#4 complications of incorrect placement of the 
endotracheal tube 
EBSCOHOST  
GOOGLE SCHOLAR #1 verification of endotracheal tubes in the mechanically 
ventilated patient 
#2 placement of the endotracheal tube in the 
mechanically ventilated patient 
#3 correct placement of the endotracheal tube in adult 
patient’s 
#4 complications of incorrect endotracheal tube 
placement 
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NATIONAL 
GUIDELINES 
CLEARINGHOUSE 
#1 guidelines for the correct placement of the 
endotracheal tube 
#2 guidelines for verification of the endotracheal tube in 
the mechanically ventilated patient 
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ANNEXURE  F: Characteristics of excluded studies for review on verification of 
endotracheal tube placement. 
 
Paediatrics n=8 
1. Galicinao, J., Bush, A.J. and Godambe, S.A. 2007. 
Use of bedside ultrasonography for Endotracheal 
Tube Placement in pediatric patietns: A feasibility 
study. Pediatrics. Vol.120 No 9:1297-1303 
Paediatrics 
2.  Yoo, S-Y., Kim, J-H, Han, S-H and Oh, A-Y. 2007. A 
comparative study of endotracheal tube positioning 
methods in children: Safety from neck movement. 
Anaesthesia & Analgesia. Vol.105 No 3:620-625 
Paediatrics 
3. Embleton, N.D., Deshpande, S.A., Scott, D., Wright, 
C and Milligan, D.W.A. 2001. Foot length, an 
accurate predictor of nasotracheal tube length in 
neonates. Archives of Disease in childhood-fetal 
neonatal edition. Vol.85 : F60-F64 
Paediatrics 
4. Gausche, M., Lewis, R.J., Stratton, S.J., Haynes, 
B.e., Gunter,C.S., Goodrich, S.M., Poore, P.D., 
McCollough, M.D., Henderson, D.P., Pratt, F.D and 
Seidel. 2000. Effect of out-of –hospital pediatric 
endotracheal intubation on survival and neurological 
outcome: A controlled trial. JAMA. Vol.283 No 
6:783-790 
Paediatrics 
5. Marciniak, B., Fayoux, P., Hebrard, A., Krivosic-
Horber,R., Engelhardt, T. And Bissonnette, B. 2009. 
Airway management in children: Ultrasonography 
assessment of tracheal intubation in real time? 
Anesthesia & Analgesia. Vol.108 No.2:461-465 
Paediatrics 
6. Part 12: Paediatric advanced life support: Guideline. 
2005. Circulation. Vol.112: IV-167-IV 187. 
Paediatrics 
7. Galicinao, J., Ellis, D.T. and Godambe, S.A. 2008. 
Bedside ultrasonography and endotracheal tube 
Paediatrics 
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placement: A long way to go: In reply. Pediatrics. 
Vol. 122 No 1: 213-215 
8. Gowda, H. 2011. Should carbon dioxide detectors 
be used to check correct placement of endotracheal 
tubes in preterm and term neonates?  Archives of 
Disease in childhood-fetal neonatal edition. Vol.96 
No12:1201-1203 
Peadiatrics 
Articles excluded after critical appraisal n=25 
9. Lockey, D., Davies, G. and Coats, T. 2001. 
Survival of trauma patients who have prehospital 
tracheal intubation without anaesthesia or muscle 
relaxants: observational study. British Medical 
Journal. 323:141 
Article does not 
answer review 
question 
10. Lossius, H.M., Sollid, S.J.M., Rehn, M. and 
Lockey, D.J. 2011. Revisiting the value of pre-
hospital tracheal intubation: an all-time systematic 
literature review extracting the Utstein airway core 
variables. Critical Care, 15:R26:1-11 
Article does not 
answer review 
question 
11. Hubble, M.W., Wilfong, D.A., Brown, L.H., 
Hertelendy, A. and Benner, R.W. 2010. A Meta-
Ananlysis of prehospital airway control techniques 
part II: Alternative airway devices and 
cricothyrotomy success rates. Prehospital 
Emergency Care, 14:515-530 
Article does not 
answer review 
question 
12. Perrie, H. 2010. Tracheal Tube Cuff Pressure 
Monitoring. Nesibopho Best Practice Guidelines 
Article does not 
answer review 
question 
13. Meyer, G. 2010. Institutional procedure guideline 
on endotracheal cuff care.  
Article does not 
answer review 
question 
14. Cummins, R.O. and Hazinski, M.F. 2000. 
Guidelines based on the principal “first do no 
Harm”: New guidelines on Tracheal Tube 
Guideline 
development 
process not clearly 
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Confirmation and Prevention of Dislodgement. 
Circulation, 102:I-380-I-384 
defined 
15.  Author not known. 2005. Adjuncts for Airway 
Control and Ventilation. Circulation,112:IV-51-IV-
57 
Guideline 
development 
process not clearly 
defined 
16. Jordan, P.J. 2010. Evidence-based Clinical 
Guideline for Endotracheal tube cuff pressure 
monitoring in the adult mechanically ventilated 
patient in the critical care unit. 
Article does not 
answer review 
question 
17. Sitzwohl, C., Kettner, S., Langheinrich, A., 
Schoenberg, C. and Weinstabl, C. 2006. 
Performance of Three Different Bedside Methods 
to Detect Inadvertent Endobronchial Intubation. 
Anesthesiology, 105:A532 
Article does not 
answer review 
question (Abstract) 
18.  Angelotti, T.,Weiss, E.L., Lemmens, H.J.M., Brock-
Utne, J. 2006. Verification of Endotracheal Tube 
placement by Prehospital Providers: Is a Portable 
Fiberoptic Bronchoscope of Value? Air medical 
Journal, 25(2) 74-80 
Article does not 
answer review 
question 
19.  Goksu, E., Sayrac, V., Oktay, C., Kartal, M., 
Akcimen, M. 2008. How stylet use can effect 
confirmation of endotracheal tube position using 
ultrasound. The American Journal of Emergency 
Medicine,28: 32-36 
Article does not 
answer review 
question 
20. Pfeiffer,P., Bache, S., Isbye, D.L., Rudolph, S.S., 
Rovsing, L. and Borglum, J. 2012. Verification of 
endotracheal intubation in obese patients-temporal 
comparison of ultrasound vs. auscultation and 
capnography. Acta Anaesthesiologica 
Scandinavica,56(5) 571-576 
Article does not 
answer review 
question (Abstract) 
21.  Tanigawa, K., Takeda, T., Goto, E. and Tanaka, K. 
2001. The Efficacy of Oesophageal Detector 
Article does not 
answer review 
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Devices in Verifying Tracheal Tube Placement: A 
Randomized Cross-over Study of Out-of Hospital 
Cardiac Arrest Patients. Anesthesia & Analgesia, 
92:375-378 
question 
22. Grmec, S. and Mally, S. 2004. Prehospital 
determination of tracheal tube placement in severe 
head injury. Emergency Medical Journal,21:518-
520 
Article does not 
answer review 
question 
23.  Grap,M.J. 2002. Pulse Oximetry. Critical Care 
Nurse,22(3): 69-74 
Article does not 
answer review 
question 
24.  Timmermann, A., Russo, S.G., Eich, C., Roessler, 
M., Braun, U., Rosenblatt, W.H. and Quintel, M. 
2007. The out-of-hospital oesophageal and 
endobronchial intubations performed by 
emergency physicians. Critical Care and Trauma, 
104(3): 619-621 
Article does not 
answer review 
question 
25. Tam,R.K., Maloney, J., Gaboury, I., Verdon,J.M., 
Trickett, J., Leduc, S.D. and Poirier, P. 2009. 
Review of endotracheal intubations by Ottawa 
advanced care paramedics in Canada. Prehospital 
Emergency Care,13(3): 311-315 
Article does not 
answer review 
question 
26. Mayo, P.H., Hedge, A., Eisen, L.A., Kory, P. and 
Doelken, P. 2011. A program to improve the quality 
of emergency endotracheal intubation. Journal of 
Critical care Medicine, 26(1): 50-56 
Article does not 
answer review 
question 
27.  Dippenaar,T. 2007. Capnography: Do we use it 
optimally 
Article does not 
answer review 
question 
28. Angelotti, T. and Brock-Utne, J. New methods for 
direct verification of correct endotracheal tube 
placement. Anesthesia & Analgesia 
Article does not 
answer review 
question (Abstract) 
29.  St.John, R.E. 2003. End-tidal carbon dioxide Article does not 
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monitoring. Critical Care Nurse, 23(4): 83-88 answer review 
question 
30. Siela, D. 2002. Using chest radiography in the 
critical care unit. Critical Care Nurse,22(4):18-27 
Article does not 
answer review 
question 
31. Pate, M.F.D. and St.John, R.E. 2004. Placement of 
endotracheal and tracheostomy tubes. Critical 
Care Nurse,24(3):13-14 
Article does not 
answer review 
question 
32. Coyer, F.M., Wheeler, M.K., Wetzig,S.M. and 
Couchman, B.A. 2007. Nursing the mechanically 
ventilated patient: What does evidence say? Part 
two. Intensive and Critical Care Nursing, 23:71-80 
Article does not 
answer review 
question 
33. Galvagno, S.M. and Kodali, B.S. 2008. Use of 
capnography in emergency medicine and 
prehospital critical care. Emergency Medicine and 
Prehospital Critical Care. 
Article does not 
answer review 
question 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
97 
Annexures  
 
 
ANNEXURE G:  Copy of the Agree II Tool 
 
Citation information  
Item Strongly 
Agree     
(4) 
Agree        
 
(3) 
Disagree  
 
(2) 
Strongly 
Disagree  
(1) 
Domain 1. Scope and purpose 
The overall objective(s) of the 
guideline are specifically described 
    
The health question(s) covered by 
the guideline are specifically 
described 
    
The patients to whom the guideline 
is meant to apply to is specifically 
described 
    
Domain 2. Stakeholder involvement  
The guideline development group 
included individuals from all relevant 
professional groups  
    
The views and preferences of the 
patients have been sought 
    
The target users of the guideline are 
clearly defined 
    
Domain 3. Rigour of development 
Systematic methods were used to 
search for evidence 
    
The criteria for selecting the 
evidence are clearly described 
    
The strengths and limitations of the 
body of evidence are clearly 
described 
    
The methods for formulating the 
recommendations are clearly 
described 
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The health benefits, side effects, 
and risks have been considered in 
formulating the recommendations 
    
There is an explicit link between the 
recommendations and the 
supporting evidence 
    
The guideline has been externally 
reviewed by experts prior to its 
publication 
    
A procedure for updating the 
guideline is provided 
    
Domain 4. Clarity of presentation 
The recommendations are specific 
and unambiguous 
    
The different options for 
management of the condition or 
health issue are clearly presented 
    
Key recommendations are easily 
identifiable  
    
Domain 5. Applicability 
The guideline describes facilitators 
and barriers to its application 
    
The guideline provides advice 
and/or tools on how the 
recommendations can be put into 
practice 
    
The potential resource implications 
of applying the recommendations 
have been considered 
    
The guideline presents monitoring 
and/or auditing criteria 
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Domain 6. Editorial independence 
The views of the funding body have 
not influenced the content of the 
guideline 
    
Competing interests of guideline 
development group members have 
been recorded and addressed 
    
 
Overall appraisal 
Domain 1 /12  
Domain 2 /16  
Domain 3 /28  
Domain 4 /16  
Domain 5 /12  
Domain 6 /8  
Total: /98  
Comments: 
 
Include Exclude 
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ANNEXURE H: JBI Critical appraisal tool for experimental studies (MAStARI) 
 
Citation 
information 
 
Type of evidence  
Description of 
context 
 
Description of methods Yes  No Unclear 
Was the assignment to treatment groups random?    
Were participants blinded to treatment allocation?    
Was allocation to treatment groups concealed from the 
allocator? 
   
Were the outcomes of people who withdrew described 
and included in the analysis? 
   
Were those assessing outcomes blind to the treatment 
allocation? 
   
Were the control and treatment groups comparable at 
entry? 
   
Were groups treated identically other than for the named 
interventions? 
   
Were outcomes measured in the same way for all 
groups? 
   
Were outcomes measured in a reliable way?    
Was appropriate statistical analysis used?     
Overall appraisal: 
Include                              Exclude                       Seek further information 
Comments 
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ANNEXURE I: JBI Critical appraisal tool for cohort studies (MAStARI) 
 
Citation information  
Description of context  
Description of methods Yes  No Unclear 
Is the sample representative of patients in the population 
as a whole? 
   
Are the patients at a similar point in the course of their 
condition? 
   
Was follow-up carried out over a sufficient period of time?    
Were the outcomes of people who withdrew described and 
included in the analysis?  
   
Were the outcomes measured in a reliable way?    
Was the appropriate statistical analysis used?    
Overall appraisal: 
Include                           Exclude                  Seek further information 
Comments 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
102 
Annexures  
 
 
ANNEXURE J: JBI Critical appraisal tool for observational studies (MAStARI) 
 
Citation information  
Description of context  
Description of methods Yes  No Unclear 
Is the study based on a random or pseudorandom sample?    
Are the criteria for inclusion in the sample clearly defined?    
Were outcomes assessed using objective criteria?    
If comparisons are being made was there sufficient description 
of the groups?  
   
Was the appropriate statistical analysis used?    
Overall appraisal: 
Include                        Exclude                         Seek further information 
Comments 
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ANNEXURE K: JBI Critical appraisal tool for narrative, textual or opinion papers 
(NOTARI) 
 
Citation information  
Type of evidence  
Description of context  
Description of methods Yes  No Unclear 
Is the source of opinion clearly identified    
Does the source of opinion have a standing in the field of 
expertise 
   
Are the interest of patients the central focus of opinion    
Is the opinion’s basis in logic/experience clearly argued      
Is there reference to the extant literature/evidence and any 
incongruence with it logically defended? 
   
Is the opinion supported by peers?     
Overall appraisal: 
Include 
Exclude 
Seek further information 
Comments 
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ANNEXURE L:  JBI MAStARI Data extraction tool 
 
 
Review date:_____________________________________________________  
Author:_________________________________________________________  
Journal:_________________________________________________________  
Year:___________________________________________________________  
Study method:  
 
 
Other:_________________________________________________________  
Method of randomization:__________________________________________  
Allocation of concealment:_________________________________________  
Blinding of outcome:______________________________________________  
 
Participants:  
Setting:________________________________________________________  
Population:_____________________________________________________  
Sample Size:____________________________________________________  
Time period of study:______________________________________________  
 
Interventions:___________________________________________________  
 
Outcomes:  
Primary:________________________________________________________  
Secondary:______________________________________________________  
If study excluded state reasons:_____________________________________ 
Summary of main results___________________________________________  
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ANNEXURE M:  JBI Notari data extraction tool  
 
 
Review date:______________________________________________________ 
Author: __________________________________________________________ 
Journal:__________________________________________________________ 
Year: ____________________________________________________________ 
Study description: __________________________________________________ 
Type of text: ______________________________________________________ 
Stated: ___________________________________________________________ 
Allegiance/position: _________________________________________________ 
Intervention: ______________________________________________________ 
Setting: __________________________________________________________ 
Geographical: _____________________________________________________ 
Cultural: __________________________________________________________ 
Logic of argument: _________________________________________________ 
Literature Analysis: 
_____________________________________________________ 
Authors conclusions: ________________________________________________ 
Comments: _______________________________________________________ 
  
Findings:_________________________________________________________  
Illustration from publication:___________________________________________ 
Extraction of findings complete: Yes__________________No________________ 
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